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The effect of the in as! e exotic Prosopis juliflora shrubs on the natural plant 
communitie \: ere a sessed in three region ( harja, Ras AI-Khima and Fuj ira) of the UAE. 
The effe t of the P. jlllijlora shrubs on the a socia ted annual and perennial plants was 
tudied in a number of quadrats d istributed under, at the margin and outside the crown of a 
hrub. The result indicate that the effect of P. jllliflora on the associated species depends 
ignificantly on the den ity and ize of their individual . Larger indi iduals and greater 
den it ie ha e significantly adverse effect on the associated species. Al l  of the studied 
community attributes \ ere ign ificantly lower in the quadrats under the P. juliflora crown, 
compared to those outside it. The analysis of s ize structure of the d ifferent regions showed 
that mo t of the populations are rapidly growing. I t  is i nteresting to note that P. juliflora 
indi iduals improved most of the examined soi l characters and grew in highly sal ine 
habitats indicating the potentia l i ty of this species to be used in the afforestation of the salty 
habitats and its rec lamat ion. 
The effects of maternal habitat, time of seed maturation and seed storage, and their 
i nteraction were assessed on l ight and temperature requirements during seed incubation on 
final germination percentage and germination rate of P. juliflora. Seeds were collected at 
d ifferent t imes (autumn winter and spring) during the growing seasons from three maternal 
habitats (Sharja, Fuj ira, and Khor Facan). Seeds were germinated immediately after 
col lection and after 8 months of storage. The results showed significant effects for maternal 
habitat, t ime of seed col lection, seed storage and both l ight and temperature of seed 
i ncubation and their i nteraction on both germination percentage and rate. Fresh seeds of 
autumn and winter germinated greater at h igh temperature (40°C), but stored seeds of the 
same seasons did not d iffer sign i ficantly in their germ ination in the three i ncubation 
2 
temperature . eed torage reduced the l ight and temperature requirement for eed 
gennination e pec ial ly for eed matured during autumn and winter. 
The effects of sal in ity, temperature, l ight and their interaction on final genn ination 
percentage and gennination rate evaluated were evaluated for seed col lected from Fuj i ra 
and tored for 1 8  months in paper bag at room temperatures. Non- saline treated seeds 
germi nated well in a wide range of temperatures and in both l ight and dark . Seed 
germination decrea ed with the i ncrea e i n  both a 1 concentration and temperature . The 
opt imal genn ination was at 25°C and both 1 5°C and 25°C atta ined significant ly greater 
germ ination than 40°C. The i nhibitory effect of h igh sal ini ty on final germination was 
greater at 40°C than at 1 5°C and 25°C. The germ ination was completely inhib ited in 
400mM at 40°C and in 600 mM NaC I at 25 °C . 
The effect of d i fferent types and concentrations of donnancy regulating chemicals 
(DRC ) on innate and i nduced dormancy of P. juliflora was evaluated. Lower 
concentrat ion of gibberel l ic  acid (0 .3  mM ) and kinetin (0 .05 mM ) was more effective in 
enhanc ing germi nation percentage and speed in h igher concentrations of aCl but the 
re er e was true for thiourea. None of the O RCs succeeded to a l leviate the innate 
dormancy of P. juliflora. Germ ination reduction in 500 mM NaCI was not al lev iated by 
any of the ORCs, but inhibition induced in 600 mM NaC I was part ial ly al leviated by the 
d ifferent chemicals . Gibberel l ic  acid has s ign ificantly greater effect than kinetin i n  
a lleviating the germi nation inhibit ion.  For restoration o f  sal i ne soi l  by using P. juliflora, the 
results suggest usi ng O RCs, especia l ly gibberel l ic acids and thiourea, for the treatment of 




1. I TRaDUCTION 
Pro op/s hrub and trees have attracted attention because of their abi l i ty to urvive in 
i nho pitable location and to provide fuel t imber, fodder and edible pods. The most 
common pecies Pro opi juliflora (S\ .) DC. (Me quite) is a shrub native to central and 
outh America. It was i ntroduced to everal deserts in the subtropical regions, including 
rab u lf  region , for greening of landscapes and for sand and desertification control 
(We tern 19 89, Ghazanfar 1 996). Currently, it escaped the forests and invaded different 
countrie throughout the arid and semiarid areas. P. juliflora has been described as a 
di aster by ome critics. Mesqui te i s  h ighly aggressive and coppices well so that it crowds­
out nati e egetat ion (Tiwari, 1 999; E I-Keblavvy, 2002) .  However, P. juliflora showed 
greatest potential for use as a multipurpose shrub in comparison to several nat ive and 
e:-..otic trees in di fferent parts of the world (Shukla, et a l .  1 990; Jhaia, 1997; Tewari et a I . ,  
200 I :  Deans et  a l . ,  2003) .  I t  provides the firewood needs of more than 80% of the 
population in rural areas of the tropical arid and semiarid regions, and a lso provides 
nutritious pods for l ivestock (Poynton 1 990, Tewari et a l .  200 I ) . 
Many plants have extended their ranges in the past few centuries as a consequence of 
human activities. Many of these i ntroduced species are considered pests to agricul ture and 
hort icu lture as they pose an economic threat to these industries (Dunbar and Facel l i  1 999) .  
Several authors have considered the i ncreasing number of i ntroduced or i nvasive species as 
a major component of global change because of their potential to alter primary 
productivity, decomposition, hydrology, nutrient cyc l ing, and natural d isturbance regimes 
(Weber 2000 Harrod 200 I ,  Zalba et al. 2000). Several internat ional organ izations have 
incorporated the i nvasive plant species i ssue in their main activities and have formulated 
guidel ines for their management and erad ication . (Hegazy et a l .  1 999 and references 
therein) .  
5 
The IOva ion of n n-indigenou plant wa con idered a a primary threat to integnty 
and functlOn of ec y tern ( B lo ey et a l .  200 1 ) . I n  F lorida, about 39- 64°'0 of the in\ a i \ e  
exotIc pecl had potential ly altered the eco y tern propertie of geomorpholOg), 
h)drol g) and biogeochemi tr} (Gordon 1 998) .  In add ition, e eral recent in e t igation 
ha\ e  ho\\ n that inva ive plant changed everal c mmunity attribute i ncluding pecie 
diver-it), richne , pecie comp itlOn and abundance (Prieur-Ri hard et a l .  2002, Coll ier 
et al. 2002) .  F r example, L ckhart et al. ( 1 999) howed that the in asi e Cupolliopsis 
(llloc(ludioides ignificantl} reduced the pec ie richne in F lorida. Franke l ( 1 999) showed 
that al ien plants di place I cal flora, change eco ystem and up et biodiver ity in the 
parkway re ervation in We tchester, ew York. 
Ithough ome exotic plant introductions were accidental ,  many were intentional for 
\\ i ld l i fe habitat improvement, ornamental purpo es, \: ood or fibre production, soi l  
c n enat ion. I i  e tock forage production or  other crop u e (Harrod 200 1 ) . Prosopis 
}ulij7ora \\a introduced to the UAE environment for the purpose of affore tation. 
Currently, i t  e caped the artific ial forests and dominated many plant communities and i 
con idered a a weed. The municipal ity of Dub ai ,  for instance, i s  control l i ng thi 
pecie  by cutting and burning. 
The invasion of an introduced species to its new habitats i s  depending mainly to i t  
adaptation in those habitats. everal ecological and l i fe h istory trai ts do usually detern1ine 
the invasive abi l i ty of an i ntroduced species to new habi tat . U nderstanding ome of the l i fe 
h istory traits such as growth reproduction and germ ination ecology, would help in  
under tanding the biology of an i nvasive species and consequently help to develop 
guidel ines for its control ( Woitke and Dietz 2002) .  
The genetic and environment of mother plants during the period of seed maturation 
determi ne the l evel of germ inabi l i ty and dormancy in seeds of certa in spec ies (Baskin and 
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Ba kin 1 998. �eJer and lien 1 999a. b). It ha been documented that eed dorman � and 
genninati n re pon e vary greatly depending on maternal habitat and time of eed 
development and maturat ion. everal tudie ha e demon trated that eed gennination 
\ ane between population of d i fferent pec le  i ncluding. ThYlIlelaea 11l� ula (EI-Kebla\.vy 
ct al 1 996). A aCla IIllolica ( Kri han and Tok.y 1 996). BrOlllus tecton/III ( Beck tead et al 
1 996. e) er and lien I 999a. b), ColeogYlle ralllosissima (Lei 1997). AbutLlolI theophrasll 
(lhang and Ham il l  1 997), illapl arv IIsis pergula arvell is (Ander on and Mi lberg 
1998). LepidiulIl i ymbrioid ( lien 1998), Arabidopsi thalialla (Andalo et af. 1998), 34 
t mperate Carex pp. ( chutz 1999), Challlaecri ta rotulldifolia (Xu et al 2000), Cirsiul11 
pitch ell (I [amze and Joll 2000). Chamaecyparis thyoides (Jul l  and Blaz ich 2000). 
Portulaca oleracea (E I -Keblawy and AI-An ari 2000). Also considerable variation in 
germinat ion beha iour \Va hm n between three populat ion of 70 (M ilberg et al. 1996) 
and 23 (M i lberg and Ander on 1 998) annual weeds. 
Environmental conditions experienced by parental plant duri ng the growing eason 
have a lso hown to play a ign ificant role in detenn ining the genninabil ity of eeds of 
many pecie i nc luding Artelllisia tridentala (Meyer and Mon en 1 99 1 ), Sperglliaria 
manila ( ngar 1 988,  Okusanya and Ungar 1 983). Portulaca oleracea (EI-Keblawy and Al­
An ari  2000), Eruca vesicaria (Pita Vi l lami l  et a l .  2002). Campallula americalla 
(Gallowa) 2002) and in three perennial shrub (Gutterman 1 991) .  
The mo t important factor that affect maternal plants during the growing season have 
been uggested to be temperature, rainfal l ,  and day length (Fenner 1 992, Baskin and Baskin 
1 998) .  Temperature during seed development was shown as an important factor affect ing 
seed gennination.  This had been documented both under field and experimental condition 
i n  several pec ies (Harrington and Thompson 1 952,  Wurzburger and Kol ler 1 976, oso a 
198 1 ,  Probert et a l .  1 985 b Alexander and Wulff 1985, Hacker and Ratc l iff 1 989, harif-
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Ladeh and Murd ch, 2000, aderi and aver 2000, I -Keblawy and 1- n ar :WOO. 
Jen en and ·ri k  en, 200 I .  lien and Me}er 2002). Germinati n re pon e \\ a al 0 ho\\ n 
to be affected b} da length of maternal plant in e eral pec ie inc l uding (Kar en 1 970. 
ut1erman 1 974, Pourrat and Jacque 1 975. Wurzburger and Koller 1 976, Heide et a l .  
1 976. Ri  hard on 1 979, 'I -Keblawy and hari f-Zadeh and Murdoch 
2000). In addition, moi ture ondit ion at which maternal plant ar grO\\ ing and seed ha 
been hown to affect seed gennination in ome pecie ( Kennode el al. 1 986. Me}er and 
Al len 1 999b, II n and Meyer 2002).  In mo t of the e tudies, eed produced by plants at 
higher temperature , water tre and long day have high r gennination percentage and! r 
rate' ( i .e .  lower donnancy) than tho e produced at lower temperatures, hort day and 
favourable moi ture condition . 
It ha been propo ed that the en ironmental conditions under which plants are grown 
can affect  eed gennination by affecting their chemical composition and seed provisioning 
(e .g. , m ineral ,  photosynthetic and phytohonnone resource ) throughout the growing eason 
(Roa h and Wulff 1 987,  Ba kin and Baskin 1 988, ultan 1 996). I n  most ca es,  seeds 
developed and matured under d ifferent conditions d iffer in their donnancy and gennination 
requ i rements oronha et a! . 1 976, Roach and Wul ff 1 987, Gutterman 1 99 1 ,  Wulff 1 993, 
EI-Keblawy and A I-An ar 2000, Munir  et a! . ,  200 1 ,  Gal loway 2002, Pita Villami l  et al .  
2002).  The plastic it) of eed germ ination may pread germ inat ion overtime and thus reduce 
the risk of pecies urv iva l .  Baskin and Baskin ( 1 998) have shown in many plant specie 
that easonal seed donnancy may strongly influence fitness by delaying gennination until  
condit ion are appropriate for growth. Polymorphic  seeds, which d iffer i n  their  gennination 
requirements, provide m ultiple opportunit ies for seed recrui tment in the unpredictable and 
harsh environments, such as frequently di turbed habitats ( Harper 1 977) and arid and 
em iarid environments (Venable and Lawlor 1 980).  
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ennination i , therefore, a cruc ial tage in the plant l ife cyc le. Tolerance to al in ity 
during genninat ion i cntical � r the e tabl i  hment of plant growing in a l ine oi l  of arid 
region ( ngar, 1 995) .  In the e region , genn ination occur during the ea on of 
precIpItat ion, when oi l  a l in ity level are u ual ly reduced ( I-Kebla\\ , 2004).  Optimal 
gemlination in eed of halophyte often occur under fre h water condition and the 
gemltnati n of mo t pec le i reduced and delayed \ ith a l in ity i ncrea e 0 the re pon e 
vanes greatly depending on pe ie . Wherea e eral perennial halophyte c uld genninate 
in up to 860 111M a I or 111 re e .g., c,'essa crelica, Khan, 1 99 1 ;  Salicomia pacifica, 
Khan and Weber, 1 986), orne halophyte hm ed l itt le germ inat ion above 1 25 111M aCI 
(e.g. , Z\'gophylllllll simplex, Khan and Ungar, 1 996). 
Themloperiod and al in ity interact i n  detennin ing sal in i ty tolerance during 
gennination tage for everal pecie . Although increa ing sal in ity decrea ed genninat ion 
percentage , the detrimental effect of al in ity wa general ly Ie s severe at optimum 
temperature. The detrimental effect of sal in ity wa severe at higher temperatures in  orne 
pec ie including Atriple.x cordobensis (A iazzi et a I . ,  2002), Sarcobatus verJlliculalus 
(Khan et a I . ,  2002a), POlygOlllll1l aviculare ( Khan and ngar 1 998) Sagiltaria lati/olia 
( Dele aile and B lum, 1 994), Atriplex semibaccata (De Vil l iers et aI . ,  1 994) and at lo\'"er 
temperature for other species i ncluding Halopyrlllll 1Il1iCrOllatuIIl ( Khan and Ungar, 
200 I a); Aeluropus lagopoides (Guizar and Khan, 200 I ), Salicornia rubra ( Khan et aI . ,  
2000), AllellrolJea occidentalis (Gul and Weber, 1 999), Zygoplzyllu17l qatarellse (I mail ,  
1 990). I n  add ition, detrimental effect of sal in i ty was severe at  both h igher and lower 
temperature of some other species such as Sporobolus ioclados ( Khan and GuIzar, 2003 ) ,  
Urocholldra setulosa (Gu Izar et aI., 200 I ), Dlicrosia allethifolia (AI-Yemeni and Basahy, 
1 999) ZygophyllulIl simplex (Khan and Ungar, 1 997a), Crambe abyssinica (Fowler, 1 99 1 ) . 
However, sal in i ty tolerance did not depend on temperature i n  some other species such as 
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Arthrocllemum indicUln (Khan and Gul,  1 998) .  The al inity-thermoperiod interaction may 
have ign i ficant ecological implicat ion in terms of time of germination under field 
condition (Ungar, 1 995)  and it was attributed to both osmot ic and toxic effect (Khan and 
Rizvi; 1 994, Khan and Ungar, 1 997 b 1 998) .  
everal en ironmental factors during eed wett ing, such as the amount of rain, 
relati e humidity, temperature, l ight, soil sa l inity, and germination inhibitors, may play a 
role in the regulation of the percentage of seeds that are ready to germinate after a 
particular rainfall .  Generally, germination occurs at t imes of optimal combination of day 
length, temperature and sal inity. Despite the fact that interaction effects of sal inity and 
temperature on germination have been studied extensively, the interact ion between sal inity 
and l ight and the interaction between salinity, temperature and l ight were not studied wel l  
(but see De Vi l l iers et a I . ,  1 994; Khan and Ungar, 1 997b; Gu l  and Weber, 1 999; Guizar et 
a I ., 200 I ) . Seeds of P. juliflora tolerate a high level of salinity (Sc i fres and Brock 1 969; 
Khan et a J . ,  1 987; Perez et a I . ,  1 995; I qbal et aI . ,  2002) .  However, l itt le information is 
avai lable about l ight and temperature requ irement during seed germination of this species 
(Perez et a I . ,  1 990; Torres et a I . ,  1 994) .  
Seed dormancy is  general ly due  to  several factors either internal and/or external .  The 
internal factors include the impermeabi lity of the teguments to water or oxygen, presence 
of inhibitors, or physiological immaturation of embryos (Khan 1 977) .  High salt 
concentrat ion was found to induce dormancy in seed of many spec ies (Ungar 1 978) .  
Sal in ity induced dormancy may be caused by changes in the balance of growth regulators 
activity due to the presence of h igh ions content in the seeds. Sal inity stress usually results 
in the decrease in cytokinin and gibberel l ic  ac id (GA3 ) contents, which would induce 
changes in membrane permeabil ity and in water relat ions (Boucand and Ungar 1 976; Kabar 
and Baltepe 1 989). Debez et a l .  (200 I )  indicated that scarified seeds of Atriplex halimlls 
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lost their iabiJity in 20g aC IIL and sugge ted that such depressive effect of a l in ity on 
germination was related to the decrease in endogenous hormones that could be present in 
the eed coat. Exogenou applica60n of G 3 and Kinetin enhanced germination of scarified 
eed up to 40 g aCt (Debez et a l .  200 J ). 
o motic stres that results from hyper-sa l ini ty cou ld  a l  0 i nduce an inc rea e in an 
i nhibitor ubstance, which di rupt the hormonal balance in seeds and inhibit germination 
(Khan and Ungar 2002) .  For example, sal inity induced the formation of phenols that 
i nhibited gem1ination in Atriplex triangularis (Khan 1 985) .  Th is inhibit ion was al lev iated 
by the appl ication of GA3 and kinetin (Khan J 985; Khan and Ungar 1 985) .  
Several studies have shown the abi l i ty of growth regulators to  a l leviate sa l inity 
i nduced dom1ancy in  many species. Kinetin and GA3 sign ificantly al leviated the sal in i ty­
induced germination inhibit ion over d ifferent sal i nity ranges i n  several species (Ozturk et 
a l .  1 993; Khan and Rizvi 1 994' Khan and Ungar 1 997c' Khan et al . 1 998; Verma and 
rivastava 1 998; Khan and Ungar 200 1 a' Debez et a l .  200 1 ;  Khan and Gul 2002' Khan et 
a l .  2002), but not in others (Khan and Weber 1 986; I smail  1 990' Khan and Ungar 200 I b, 
c) .  
The stim ulatory effect of s imple n i trogenous compounds, such as thiourea n i trites and 
ammonium salt, on seed germination of numerous weedy plant species has been 
documented ( Roberts and Smith 1 977; Karssen and H i lhorst 1 992).  Thiourea counteracted 
the inhibitory effect  of ABA and decreased level of cytokinin,  which are associated with 
sal in ity stress, and consequently could  a l leviate the sal in i ty i nduced i nhibit ion i n  seed 
germi nation (Esashi et a l .  1 979). Thiourea al leviated the salin ity-induced dormancy in 
some spec ies (Khan and Ungar 200 1 a, b, c ) .  
Fusicocc in  (FC), a d iterpene glycoside, stimulates germination through the H+ 
extrusion and K+ uptake at the p lasma lemma level, a process associated with seed 
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germination ( Pardi et a l .  1 980). Braun and Khan ( 1 976) showed that a treatment with 
fusicoccin wa a effective a a combination of kinetin, ethylene and GA3 in alleviating 
slre , ugge ting that fu icoccin might affect processes influenced by both cytokinins and 
gibbere l l in ( ee al  0 Khan and Ungar 2002). It has been shown that fusicoccin 
igni ficantly aile iated the sal inity-induced germination inhibition in some species (e.g. , 
Khan and Ungar 200 I c) ,  partial ly al leviating it in other spec ies ( I smail 1 990; Khan and 
Ungar 200 I b). and had no effect at higher sal inity in another group of pec ies (Khan et a ! .  
2002; Guizar and Khan 2002).  
A reduction i n  the a l in ity of the surface layers of the soil i s  important for successful 
gem1ination. I n  sal ine environments, seed germ ination usual ly occurs during spring or in  a 
season \\ ith high prec ipitation when soi l  sal in ity levels are reduced (Ungar 1 987) .  Sal in ity 
tolerance is reported to be 1 0  to 1 00 times greater in mature plants than at the germ ination 
stage of development (Mayer and Poljakoff-Mayber 1 975) .  In P. juliflora, adult plants have 
shown great tolerance to hypersal ine conditions (Mongia et al. 1 998; S ingh et a ! .  1 998; 
Mal iwal 1 999; Joshi and Hinglaj ia 2000). However, Perez et a l .  ( 1 995)  reported a 
sign ificant reduction i n  P. juliflora germ ination started at -0.6 M Pa ( 1 30 mM) NaCI .  
Sc ifres and Brock ( 1 969) ind icated that no  genn ination occurred a t  - 1 .62 M Pa .  This spec ies 
was effective in reduci ng soi l  sal inity of the saline-sodic soil .  The soi l had become normal 
for agricultural product ion to 45 cm depth after 7 years of growing the plants (Maliwal 
1 999) . Singh et a l .  ( 1 998) reported that P. juliflora grew well on sodic  soi l s  with pH as 
h igh as 1 0 . The ameliorating effects of the spec ies on sodic soi l s  i ncluded an i ncrease in 
organic matter, total n itrogen and exchangeable Ca, Fe and Mn contents and a decrease in 
pH and exchangeable Na (S ingh et al .  1 998; Mongia et al .  1 998) .  Determin ing some 
chemicals that could offset  the reduction in gem1ination reduced by h igher sal in ity would 
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help the seed gennination of thi species, which could be u ed to amel iorate oil character 
of sodic soi l  in  the subtropical arid habitats. 
The aims of the pre ent study are ( 1 )  to evaluate the impact of P. juliflora on the 
nat i e flora and chem ical and ph sical characteristics of so i ls in \ hich it occurs, (2) to 
a e the effects of maternal habitats, t ime of seed maturation and seed storage on 
gennination requirements of P. juliflora, ( 3 )  to evaluate the effects of sa l in i ty, temperature 
and l ight and the interaction between any two or the three of these factors on final 
gennination percentage and gennination velocity of P. juliflora grown under the 
en ironment of the UAE,  and (4) to evaluate the effect of some dom1ancy regulating 
chemicals such as GA3 ,  kinetin, thiourea and fusicoccin, on i nnate and sal in i ty induced 
dormancy. 
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2. MATERIAL A D METHODS 
2.1.  The tudy Area 
The nited rab Emirates (UAE) cover an area of about 83 ,  000 km2 lying at the 
outh-\\ estern tip of the Arabian Pen insula beh een 22°50' and 26° and 5 1  ° and 56°E 
(Figure 1). To the west l ies the rabian Gulf  and Qatar; to the north an enclave of Oman 
facing the trait of Hormuz; to the ea t the Gulf  of Oman and the Sultanate of Oman' and ,
to the south the Rub al Khal i ,  or Empty Quar1er of Arabia ( Western, 1 989). 
2.1.1. Soil of the UAE 
and dune cover 74% of the total area of the UAE and occupy a substantial part of the 
desert plains. The dunes occupy a rather triangular area; its apex l ies in  the north at Ras AI-
Khima and i ts base fol lows the UAE - Saudi Arabia  border in the south. The dunes of 
UAE ri e from several meters in the north along the coast to 200 m above sea level in the 
L iwa area. The western region of Abu Dhabi Emirate contains the bulk of high, unstable 
dune of mLxed unstable fine-grained sand in  the country. Sabkhas (salt marshes) occupy 
wide areas in the coastal and in land pa11s of the UAE.  In the coastal belts of the country, 
the extension of sabkhas towards the in land depends upon marine and topographic 
features. They often have a deep profile but the texture i s  poorly developed because of 
anaerobic conditions between h igh waters table and a surface crust of salts and gypsum. 
The gravel depressions i n  the centra l plains are very close to the water table (Zahran 1 998) .  
The only soi l s  that tend to develop in  the flat surface of a desert envi ronment are fine-
grained si l ts .  In general ,  biological act ivi ty in local soi l s  i s  very low, and only some three 
per cent of the whole country i s  natural ly su itable for arable farmi ng. 
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Figure I :  Location map showing the Studies regions (with asterisks) i n  the UAE.  
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2.1.2. Cli mate of the AE 
The AE i a ubtropical hot desert country with high temperature and low rainfa l l .  It arid 
c l imate i characterized by two di t inct sea ons: a long dry summer season (Apri l -
0' ember) with very high temperatures and a hort \i inter eason (December-March) mi ld  
to warm temperature and a l ight rainfal l  (Al - sam 1 992;  Anonymous, 1996; Embabi et 
a ! . ,  1 993) .  The mean annual ra infal l  over the whole country is about 1 1 9 mm. This average 
can be highly variable between one year and another. The lowest annual rainfal l is 
annually recorded in the western coast and in land desert : 97 .7- 1 05 mm/year and 90.7- 1 28 
mm/year respectively. The highest amount of rainfa l l  i s  that of mountainous regions (mean 
annual = 1 25 .6- 1 72 mm) (Zahran, 1 998, UAE Un ivers ity, 1 993, UAE Ministry of 
gricu lture & Fisheries, 1 993) .  
Mean annual temperatures are s l ightly h igher along the east coast, than i n  the mounta ins, 
the gravel plains and in the central ,  southern, and western desert (The UAE Ministry of 
Agriculture and Fisheries 1 993) .  Also precipitation at the east coast (e.g. ,  Fuj i ra and Khor 
Faean) is h igher than at the gulf coast (e .g. ,  ShaIja and Ras Al Khima) and at the Gulf 
coast the precipitat ion i s  i ncreasing from west to east. The precipitation regime in  the 
gravel plains is s imi lar to the east coast, but the mean annual temperatures are sl ightly 
cooler. The western and southern deserts are extremely dry, whereas the central desert 
around Al Wagan receives a relatively h igh amount of mean annual precipitation (The 
UAE M in istry of Agricu lture and F isheries 1993 ) .  
Temperatures change throughout the seasons, and the costal zones are much more 
buffered, whereas h igh d ifferences are found i n  the southern area. In winter (Dec, Jan, Feb) 
costal areas are sl ightly warmer (>20 DC)  than terrestrial  areas, and the eastern mountains 
( 1 8-20 QC) .  In spring (Mar, Apr, May) the mountain and Gu lf  coast are sti l l  relat ively cool 
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(>27 ° ), but temperatures in the southern terrestrial areas and the east coast are relati\'ely 
high (27-28 °c or h igher). The e are more obvious in the summer month (Jun, Jul ,  and 
ug) when temperature of the central de ert exceeds 35 °C and the mountain and coastal 
temperatures sta below 33 0c. I n  autumn temperatures a l l  over the country are very 
imi lar (27-29 ° ) , expect for some location in the mountains, where it is sl ightly cooler 
( � 7 ° ), and for the north-ea tern coastal areas, where it is s l ightly warmer (>29 0c) 
( Boer, 1 997). 
The humidity throughout a l l  seasons i s  higher closer to the Arabian Gulf and to the gul f  of 
Oman, and lowers i n  the south, south-west, and in  AI-Ain region (The UAE University, 
1 993) .  Mean annual re lative hum id ity is 0 er 60% for Abu Dhab i, with winter months 
general ly 0 er 70%. Foggy days, i .e .  with ris ing sand, are recorded in all months. In 
summer there is a high i nc idence of suspended dust throughout the country brought by the 
pre a i l ing wind from the head of the Arabian Gu lf  ( Western, 1 989).  The average annual 
number of sunshine hours 0 er the UAE is 1 0  hrs/day with a mean maximum of 1 1 . 5  
hrs/day in M ay and a mean m inimum of 8 .4 hrs/day in December (Zahran, 1 998) .  
2.1.3. Sharja  region 
ShaIj a  is the only Emirate to have land on both the Arabian Sea and the I ndian Ocean 
(F igure I ) .  The creeks and lagoons of ShaIj a  are i nterspersed with small sabkhas, some of 
them with a thi n  covering of wind-blown sand .  The studied sites of ShaIja are composed 
mainly of sand dune wi th ground water close to surface . 
ShaIja's c l imate i s  idyl l ic from November to April with warm sunny days, cool evenings 
and low humidity. Daytime temperatures range from 1 8  to 30 °C.  F rom May to September 
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the c l imate is hot v. ith midday temperature in Ju ly and ugust reaching in excess of 45 
o ven the night are warm averaging 25 0c. The long term average of total rainfal l  at 
harja  i 95 .8  mm annuall} (Western, 1 989). There are h igh chances of rainfal l  events in  
the winter month , \ ith a peak reason in  Febmary, and extremely low chances i n  the 
ummer month ( Boer. 1 997).  Some rainfal l  and tropical storms are sometime expected 
during January, February and March. ll1e total ra infal ls  received during the two studied 
} ear were 9 and 34 .2  mm during 200 1 and 2002, respectively.  Most of the ra infal ls  of 
2002 occurred in March (29.4 mm, Table I) .  The averages of maximum and minimum 
re lative hum idit \ ere 8 1  and 2 7%, respect ively, during 200 ) and 82 and 24%, 
re pect ivel} , during 2002, Table 1 I J ) .  
2. l A. Fuj i ra and  Khor Facan regions 
Both Fuj ira and Khor Facan are located on the East coast of UAB. The East coast extends 
in a rough north-south l ine for some 75 Ki lometres from Khor Kalba in the south to Dibba 
in the north. The cl imate i s  hot and humid duri ng summer months. Because of the 
proximi ty of the mountains, annual rainfa l l  tends to be h igher than in some parts of the 
country but i t  sti l l  sporadic and concentrated mostly  between November and April .  The 
total ra infal ls  rece ived in Fuj i ra were 34 and 37 . 8  during 200 1 and 2002 respect ively. The 
highest amount of rainfal ls  was received in January 200 1 (25 .9  mm) and March 2002 (23 .9 
mm) (Table I ) .  
Maximum air temperatures are sl ightly lower i n  Fuj i ra than i t  i n  both Sharja  and Ras Al­
Khima. On the other hand, minimum air temperatures are h igher i n  Fuj ira than i n  the other 
two regions, especial ly during autumn and w inter months. This i ndicates that that the 
d iurnal  ranges of temperature is narrower in Fuj ira than it in  Sharja and Ras AI-Kh ima 
(Table I I ) .  The averages of maximum relative humid ity were 89 and 91  % during 200 I and 
2002, respectively (Table I I I ) .  These values are lower than those recorded in Ras Al­
Khima, but h igher than that recorded in  Sharja .  
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The di fference between the study site of Fuj i ra and Khor Facan is mainly i n  the amount of 
water received by runoff from the surround ing mountains. Fuj i ra s i te is surrounding by a 
ene of mountain and con equently receiving extra water through runoff. However, Khor 
Facan ite is not surrounded by mountains and consequently it receives l i tt le water by 
runoff. 
2 . 1 .5.  Ra AI-Khima 
The coa t l ines of Ras Al -Khima extend to mi les along the Arabian Gulf, on the far eastern 
part of the Arab World. Ras Al-Khima emirate borders Umm Al Quwain, Fuj i ra and Sharja 
emirate a wel l  as the Sul tanate of Oman. This  emirate i s  charactetized by the unique 
variation of its topography. In the West there i s  a low sand plain stretching along the Gulf  
coasts. I n  the extreme Northern part of the emirate, the range of rugged high mountains 
project to the sea then extends southward. The relatively narrow coastal plain plunges 
towards the Ea t .  The wadis, sandwiched between the mountai ns and the sea, are the most 
fert l le  areas of the UAE, and many agricultural projects are executed in these areas, in the 
Eastern and South-eastern part of Ras A l -Khima. 
The total amount of rainfa l l  received in Ras AI-Kh ima during 200 I and 2002 were 1 6  and 
30 .9  mm during 200 1 and 2002, respectively. Most of the rainfal l  of 2002 occurred during 
December (Table I). Maximum air temperature in Ras AI -Khima is s imilar to that of 
harja, but lower than that of Fuj i ra (Table  I I ) . The average maximum relative humidity 
recorded in  Ras AI -Khima during 200 1 and 2002 were 95 and 94%, respectively. These 
values are higher than those recorded in both Fuj i ra and Sharja sites (Table I I I ) . 
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The di fference bet een the study sites of Fuj i ra and Khor Facan i mainly i n  the amount of 
\-vater recei ed by runoff from the surrounding mountains. Fuj ira site is surrounding by a 
eries of mountain and consequently receiving extra water through runoff. Howe er Khor 
Facan ite is not urrounded by mountain and consequently it receives l ittle water by 
runoff. 
2. 1 .5.  Ra A I-Kh ima 
The coa t l ines of Ras AI-Khima extend to mi les a long the Arabian Gulf, on the far eastern 
part of the Arab World .  Ras AI-Khima emirate borders Umm Al Quwain, Fuj ira and Sharja 
emirates as wel l  as the Sul tanate of Oman.  This  emirate is characterized by the unique 
variation of its topography. In the West there is a low sand plain stretching along the Gulf  
coa ts .  In  the extreme orthern part of the emirate, the range of rugged high mountains 
project to the sea then extends southward. The relatively narrow coastal plain plunges 
towards the East. The wadis, sandwiched between the mountains and the sea, are the most 
ferti l e  areas of the UAE and many agricultural projects are executed in these areas, in the 
Eastern and South-eastern part of Ras AI-Khima. 
The total amount of rainfa l l  received in  Ras AI-Khima during 200 I and 2002 were 1 6  and 
30 .9 mm during 200 1 and 2002, respectively. Most of the rainfa l l  of 2002 occurred dUling 
December (Table I ) .  Maximum air  temperature i n  Ras AI-Khima is s imilar to that of 
harja, but lower than that of F uj ira (Table  I I ) . The average maximum relative humidity 
recorded in  Ras AI-Kh ima during 200 1 and 2002 were 95 and 94%, respectively .  These 
values are h igher than those recorded in both Fuj ira and Sharja si tes (Table I I I ) . 
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Table 1 :  Total monthly rainfa l l  (mm) for the three studied regions during 200 1 and 2002 . 
S h a rja Ras -AI Khima F uj i ra 
Month 
2001 2002 2001 2002 2001 2002 
J a n u a ry 8 . 2  3.6 1 4.2 0 25.9 5.1  
February 0 0 . 2  0 0 0 2.8 
Marc h  0 29.4 1 .8 0 1 .9 23.9 
April  0 0.4 0 0 0 3.7 
May 0 0 0 0 0 0 
J u n e  0 0 0 0 0 0 
J u ly 0 0 0 0 0 0 
August 0 0 0 0 0 0 
September 0 0 0 6 . 2  0 0 
October 0 0 0 0 0 0 
November 0.8 0 0 0 0 0 .8  
December 0 0.6  0 24.7 6 . 2  1 .5 
Tot a l  9 34.2 1 6  30.9 34 37.8 
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Table I: Total monthly rainfa l l  (mm) for the three studied regions during 2001 and 2002 . 
S h a rja Ras -AI Khima F uj i ra 
Month 
2001 2002 2001 2002 2001 2002 
J a n u a ry 8 . 2  3.6 1 4.2 0 25.9 5 . 1  
Febru a ry 0 0 . 2  0 0 0 2.8 
Marc h  0 29.4 1 .8 0 1 .9 23.9 
April 0 0.4 0 0 0 3.7 
May 0 0 0 0 0 0 
J u n e  0 0 0 0 0 0 
J u ly 0 0 0 0 0 0 
August 0 0 0 0 0 0 
September 0 0 0 6.2 0 0 
October 0 0 0 0 0 0 
N ovem ber 0.8 0 0 0 0 0.8 
December 0 0.6  0 24.7 6 . 2  1 .5 
Total 9 34.2 1 6  30.9 34 37.8 
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Table I I :  Monthly average maximum and m inimum temperature (0C) for the three tudied 
regIOn . 
- During 200 I 
Month 
S h a rja Ras-AI Khima F ujira 
Maxim u m  Minimum Maxim u m  Min i m u m  Maxim um Minimum 
J a n ua ry  23.8 1 0.8  24.3 1 0 .7 22.7 1 6 . 1  
February 26.2 1 1 .9 26.8 1 2 .8 25.4 1 8 . 3  
M a rc h  30.0 1 5.6 30.6 1 6 .4 28.3 22.2 
April 35.1 1 8 . 2  36.2 1 8.8 37.8 25.7 
May 4 1 .3 23.9 42.0 24.6 40.6 30.7 
J u ne 41 .4 25.6 42.1  26.5 38.9 32.5 
J u ly 43.0 29.0 42.1  30.0 39.0 32.0 
August 43.0 26.9 42.5 28.0 39.9 30.7 
September 40.8 25.9 40.7 26.9 39.1 30.0 
Octo ber 36.8 2 1 .5 37.1  2 1 .8 34.0 28.1  
November 3 1 . 5 1 7 .6  32.2 1 7 . 3  3 1 .4 23.5 
December 30.0 1 6.4 30.5 1 6 .2 26.9 23.0 
Ave rage 35.2  20.3 3 5.6 20.8 33.6 26.1  
B- During 2002 
S h a rj a  Ras -AI Khima F uj i ra 
Month 
M a xim u m  Minimum Maximum M i n i m u m  Maximum Minimum 
J a n u a ry 25.7 1 3.0  26.2 1 2.9  25.5 1 7 . 8  
February 27.0 1 3 . 1  27.5 1 2 .9 24.7 1 9 .3  
M a rc h  3 1 . 1  1 7 . 0  3 1 .7 1 6.9  30.5 21 .4 
Apri l 34.6 1 9. 9  35.5 20.5 24.7 1 9 .3  
May 41 .4 24.3  41 .9 25.0 44.6 27.8 
J u n e  4 1 . 8  26.6 42.5 27.5 40.2 32.0 
J u ly 43.5 2 8 . 1  43.5 29.4 38.9 32.2 
August 42.3 28.5 42.2 29.6 37.6 31 . 1  
September 40.1 25.4 40.1 26.2 35.2 29.0 
October 37.4 2 2 . 2  37.8 22.2 35.1 26.9 
November 3 1 . 1  1 7.8 31 .8  1 7.7  30.6 22.4 
December 27.3 1 4.9  27.6 1 4.8 27.2 1 9 .6 
Ave rage 35.3 20.9 35.7 21 .3  32.9 24.9 
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Table I I I :  Monthly ab olute maximum and minimum relati e humidity (%) for the three 
studied regions. 
A- during 200 1 
S h a rja Ras AI-Khima Fujira 
Month 
Maxim u m  Minimum Maxim u m  Minimum Maximum Minimum 
J a n u a ry 89 36 96 24 95.0 27.0 
February 84 45 97 1 9  89.0 6.0 
M a rc h  8 7  2 7  9 8  1 7  90.0 1 2.0 
April 81 1 9  98 8 93.0 5.0 
May 65 1 4  9 2  1 0  90.0 5.0 
J u n e  78 1 6  92 1 1  90.0 1 0.0  
J u ly 67 20 8 5  1 1  88.0 7.0 
August 73 2 1  8 8  1 4  92.0 8 .0  
September 82 26 1 00 1 8  89.0 1 1 .0 
October 86 31 1 00 1 4  91 .0  1 5.0 
N ovember 88 35 95 1 8  79.0 1 7 .0 
December 92 35 95 25 83.0 42.0 
Ave rage 8 1  2 7  9 5  1 6  8 9  1 4  
B- during 2002 
S h a rja Ras-AI Khima F ujira 
Month 
Maximum Minimum Maxim u m  M i n i m u m  Maxim u m  M i n i m u m  
J a n u a ry 84 32 95 24 92 1 0  
February 86 30 96 1 1  9 1  1 0  
Marc h  8 5  25 96 1 2  9 5  8 
April 77 20 95 8 94 7 
May 69 1 4  8 6  8 90 3 
J u n e  7 6  1 9  9 2  1 0  88 7 
J u ly 79 1 8  9 5  9 89 7 
August 78 23 92 14 92 7 
September 87 2 3  9 4  1 7  93 7 
October 9 1  2 0  9 9  1 4  9 1  1 5  
N ovember 82 30 92 26 82 1 8  
December 84 34 9 1  24 89 27 
Average 82 24 94 1 5  9 1  1 1  
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2 .2 .  I m pacts of  the Pro opi juliflora s h ru bs o n  n a ti e fl o ra 
Exten ive tra el J ing al l  0 er the UAE showed that the major di tribution of 
Prosopis juliflora is  pre ent mainly along the northern coasts of the country. Three 
repre entati e region ( harja, Ras I - Khima and Fuj ira) were selected to cover the 
di tribution range. Three ites were selected subjectively i n  harja and two in  each of  
Fuj i ra and Ras AI-Khima to cover the prevai l i ng substrate types and d ifferent densities of 
P. juliflora populat ion . A representative number of stands were also located subjectively 
to cover the prevai l ing substrates and variations in  density and individual size of P. 
juliflora popu lation within each ite. A shrub of P. juliflora was localized in the canter of 
each tand. The area of each tand \ as 225 m2 ( 1 5  x 1 5  m). The numbers of selected 
tand \ ere 45 and 20 and 40 in Sharj a, Ras AI-Kh ima and Fuj ira, respectively. In  
addition, one s i te dominated by both P. juliflora and the native Prosopis cineraria shrubs 
was selected to compare the effect of a native and exotic shrub on the community of the 
as ociated native plants. me stands, each with 225 m
2, were selected around n ine 
medium size P. cineraria trees.  
In  each stand, n ine quadrats, each w ith 1 m
2, were distributed on three transects; 3 at 
each of under, the margin  and outside the crown of P. juliflora or P. cineraria shrub that 
present i n  the centre of the stand. Species l i sts were compi led in each stand .  The absolute 
density (the number of plants of a certa in species rooted within 1 00 m
2) and frequency (the 
percentage of total quadrats that contain at least one rooted individuals of a given species) 
were estimated for each species (Figure I I) .  Number of species was recorded for each 
stand. omenclature was accord ing to Western ( 1 989). 
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Figure I I :  A graph howing a stand with a Prosopis juliflora shrub in i ts centre. 
25 
2.3.  Po pulat ion  tructure of Pro opi juliflora i n d i viduals 
The age structure of P. ju/ijlora as indicated by i ts  size structure, \i as e timated by 
determination of ize i ndex of the individual . ize index was calculated a the mean of 
heights and diameter . ize structure of P. julijlora shrub was estimated for 250, 220 and 
3 70 individuals in harj a, Ra Al -Khima and Fuj i ra, respect ively. These plants were 
elected randomly, to represent the di fferent sizes and den ities of Prosopis juliflora in  
each region. ize of P. juliflora plants were cIa i fied ba ed on the their  d iameter into 
small « 5 m ), medium (5- 1 0  m) and large (> 1 0  m).  
2.4. I m pacts o n  s o i l  c h a racte rs 
oi ls  ample were col lected as composi te samples (represent d ifferent depths at 
d i fferent locations) from under and outside crowns of d i fferent sites in the three regions 
(Sharja, Ras A I-Khima and Fuj i ra) .  An soi l samples were air dried, homogenized and 
sieved from large particles. Soi l  organic matter content, pH,  sa l ini ty,  some nutrients were 
estimated. Organic matter content was estimated using loss of mass by combustion at 430 
DC on the < 2 .  mm soil  fraction . Soil  water extracts ( l  :2 .5 of soi l :  water) were prepared for 
the determination of e lectric conductivity CEC) and pH using conductivity and pH meters. 
A a i lable n itrogen was extracted using 2M KC I and determ ined by micro-Kjeldahl 
method. Na and K were estimated by using flame photometry and soluble bicarbonate by 
acid t itrat ion. Available nitrogen was extracted using 2M KCl and detem1ined by m icro­
Kjeldahl method. Avai lable phosphorous was estimated using Olsen 's  solution (sodium 
bicarbonate) as an extracting agent. These methods are outl ined in Black ( 1 965) .  
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2.5 .  E ffect of  i te of  o rigin,  ti me of seed maturati o n ,  a n d  seed storage on 
germi n a tion of  P. juliflora 
2 .5. 1 .  Seed col lection 
In order to assess th effect of the prevai l ing environment conditions during seed 
development and maturation at d ifferent populations and times of the growing sea on on 
eed dormancy and germination behaviour, matured eeds of Prosopis juliflora were 
col lected in 0 ember 200 I (autumn) , February 2002 (winter) and May 2002 (spring) 
from harja,  Fuj ira and a new site called Khor Facan. Both Fuj ira and Khor Facan are 
located on the coast of Oman Gulf, in the eastern region of the UAE.  The new site is away 
from Fuj ira by about 1 5  Km ,  but d iffers from it by not receiving extra water through 
runoff. a no mountains surround i t .  R ipe pods were collected from the shrubs to ensure 
that the seeds ripened in  the targeted season. Seeds were randomly col lected from the 
whole population to represent the genetic  d iversity of the population. Seeds were separated 
from the pods using sharp knives and d ivided into two groups. The first was genninated 
within 7 da s of their harvest; here inafter, these seeds wi I I  be referred to as fresh seeds. 
The second was dry-stored in paper bags at room temperature for 8 months. Stored seeds 
were surface steril ized with the fungicide Phygon. 
2.5 .2 .  Germi nation E xperiment 
Germ ination was carried out for both fresh and stored seeds of the three collection 
t imes and the three maternal habitats. Germ ination was conducted using 90 111m plast ic 
Petri dishes conta ining one d isk of Whatl11an No. 1 fi lter paper moistened with 1 0- 1 2  111 1 
dist i l l ed water. Seeds of each site or t ime of maturation were germi nated in three 
incubators, set at of 1 5, 25 ,  or 40 °C. For each temperature, four rep l icates d ishes, each 
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w ith 20 eeds v" ere \.\rapped in aluminium foi l  (cont inuous dark), whi le four other were 
expo ed to continuou l ight from two 40 W da l ight cool fl uore cent tube and two 1 00 W 
incandescent lamp . Radical emergence was the cri terion for germination. Germinated 
ecd l ing were counted and removed every econd day for 20 days fol lowing seeds sowing. 
Oi hes \\ rapped in aluminium foil were opened after 20 da s (at the end of the 
experiment). 
2.6.  I n teraction E ffects of  Sa l i n i ty, Tem pe rature a nd Light  o n  
G e r mi n atio n  of  P. julijlora 
eed of P. juliflora \-\ ere bulk col lected during May 200 1 from the Fuj ira popUlation. 
eeds were randomly col lected from the whole population to represent the genetic d iversity 
of the popUlation. Seeds were separated from the pods using sharp knives and dry-stored in 
paper bags at room temperature unti l  germination in October 2002 . Seeds were surface 
steri l ized \ ith the fungicide Phygon. The germ ination was conducted in 9-cm Petri-dishes 
containing one d isk of W hatman No. I fi lter paper with 5 ml of test solution. Each dish was 
wrapped with Para fi lm as an added precaution against loss of water by evaporation. 
Germ ination \ as conducted in incubators adj usted at 1 5 , 25 and 40 °C in  both continuous 
l ight and dark. Seeds were germ inated in dist i l led water (0), 1 00, 200, 300, 400, 500 and 
600 m M  aC I under the aforementioned temperature and l ight regimes. Four repl icates of 
25 seeds each were used for each  treatment. The dishes were wrapped in aluminium foi l  to 
prevent any exposure to l ight (dark treatment) .  Radical emergence was the criterion for 
germination. Germinated seed l ings were counted and removed every second day for 20 
days fol lowing seeds sowing. 
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2.7.  E ffect  o f  Dorm a n cy Regulat ing C h e m i c a l s  on I n n ate a nd S a l i n i ty 
I nduced Dormancy o f  P. juliflora 
I n  order to evaluate the effects of some dormancy regulating sub tance on 
germination inhibi tion cau ed by sal in ity tTeatment , seeds of the previous experiment 
( ection 2 . 5 )  \\ ere germ inated only in an incubator adj usted at 25 °C and continuous l ight. 
The e condit ion were the optimal for P. jllLiflora germination (based on the prel iminary 
re ult  of ection 2 . 5 ) .  eed were germ inated in  dist i lled water (0), 1 00, 200, 300, 400, 
500 and 600 mM a l .  In  each of these treatments, three concentrat ions of GA3 (0 . 3 ,  1 . 5 
and 3 mM). kinetin (0 .05,  0 .25 and 0 .5  mM) and thiourea (5 ,  1 0  and I S  mM) and one 
concentrat ion of fusicocc in (5 J.lM )  were used . Four repl icates of 25 seeds each were used 
for each treatment. Radical emergence was the criterion for gennination. Genninated 
eed lings \ ere counted and removed every second day for 20 days following seeds sowing. 
2.8.  Ca lculat ions a n d  S ta t i s tic a l  A n a lysis  
2.8. 1 .  Ca lculat ion of ge rmi nation rate 
The rate of germination was estimated using a mod ified Timson index of germination 
veloc i ty = 2:G/t, where G is the percentage of seed germination at 2d intervals and t is the 
tota l germ ination period (Khan and Ungar, 1 984).  The maximum value possible using th is 
index with my data was 1 000120=50 .  The higher the value, the more rapid the germ inat ion. 
2.8 .2 .  E ffec ts on native flora and soi l  cha racters 
The significance of the d ifferences of total number of spec ies between di fferent 
places i n  relation to the crown (under, margin and outside) and between d ifferent sizes of 
P. juLiflora crown were assessed by using X2 tests. The same test was used to compare the 
density of individuals under, at the margin and outside the crowns. Two-way analyses of 
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ariance ( 0 s) were u ed to e aluate the effect of crown ize (or den ity) and place 
in re lation to crown a independent factors on species den ity as a dependent ariable .  One 
way A OV were performed to assess the effect of crown of both P. julijlora and P. 
cilleraria on phy ical and chemical characters of the oi ls .  The e tests compared the soi l 
character under and out ide the crowns of the two shrubby spec ies. The species density 
\va log tran formed to meet the assumption of the A OVA. This  transformation improved 
the norn1al i ty of the distribution of the data. 
2.8.3. Effect of i te of origin,  t ime of seed matu ration, and seed storage on germination 
of P. jllliflora 
Five-way A OVA was perfonned using maternal habitat, t ime of seed collection 
seed storage and temperature and l ight of incubation as independent factors on final 
germ ination percentage. Also, four-way ANOV A was carried out using maternal habi tat, 
time of seed collection, seed storage and temperature of i ncubation as i ndependent factors 
on germination rate of P. julijlora. One-way ANOV As were done when s igni ficant 
i nteraction between factors were found. Tukey least sign ificant range (LS R) tests were 
used to determine the s ign ificance between the means at probabi l ity level equal 0 .05 .  The 
germination percentages were arcsine-transformed to meet the assumptions of ANOV A. 
This transformation i mproved normal ity of the d istribution of the data. 
2.8A. I n teraction effects of sal in ity, tem perature and  l ight  on germination of P. 
jllliflora 
A three-way analysis of variance (ANOV A) was carried out to demonstrate the 
effects of the main factors (salin ity, l ight, temperature) and their i nteractions on the final 
germination percentage as a dependent variable. Two-way ANOV As were performed to 
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evaluate the effect  of a l in i ty and temperature on germination rate and the effect of l ight 
and temperature on germination percentage of non- al ine treated seeds. One-way A OV 
were done when ign ificant interaction bet\: een factors were found. Tukey least sign ificant 
range (L R) te t \i ere u ed to determine the ignificance between the means at probabil i ty 
level equal 0 .05 .  The germ inat ion percentages were arcsine tran formed to meet the 
a umptions of NO A. This transformation improved normal i ty of the distribution of the 
data. 
2.8 .5 .  Effects of dormancy regu lat ing chem icals on i n n ate and sal i n ity i nd uced 
dormancy of P. juliflora 
Two-\: ay analyses of variances (ANOVAs) were perfoID1ed to evaluate the effect of 
sal inity and the concentration of each of GA3, k inetin and fusicoccin  on final germination 
and germination rate . The same test was used to evaluate the effect  of DRCs and sal in i ty on 
germination percentage and germination rate . One-way ANOVAs were performed at each 
sal inity treatment to assess both the effect  of the concentrations of the d ifferent DRCs and 
the d ifference between the four DRCs. One-way ANOVAs were a lso used to evaluate the 
d ifference between the d ifferent sal in it ies at each DRCs. One-way ANOV As were done 
when sign ificant interaction between factors were found. Tukey least s ign ificant range 
( LS R) tests were used to deteID1ine the s igni ficance between the means at probabi l i ty level 
equal 0 .05 .  The germination percentages were arcsine transformed to meet the assumptions 
of ANOV A. Thi s  transformation improved normal i ty of the distribution of the data. Al l  the 
statistical methods were performed using SYSTA T, vers ion 1 0 .0 .  
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3 .  R E SULT 
3.1 .  I m pact of  P. juliflora s h r u b  on n ative fl o ra 
3. 1 . 1 .  E ffect on pecie d iver ity 
The effect of the crown (canopy) of P. juliflora on the number of as ociated native 
p c le \'. a ign i ficant (P<0.05) in t\\ 0 out of the three tud ied sites at Sharja (Table IV).  
The number of spec ie in i te I was 1 00% and 1 80% greater at the margin and outside the 
canopie , re pect ivel) , than under them. imi larly the number of species was 33 .3% 
greater at both the margin and outside P. juliflora canopies than the number underneath 
them in i te 3 .  
The X) test shm e d  sign ificant di fference between the three studied sites in the 
number of re orded species under, at the margin and outside the canopies of the shrubs 
(Table IV) .  This  d ifference could be greatly attributed to density of shnlbs in the three 
sites. For example, the numbers of spec ies in the low density site (S ite No. 3 )  were 5 t imes 
greater under and at the margin of the canopies and I I  t imes greater outside the canopies 
than those in the h igher density site ( ite No. 2 )  (Table IV) .  
The x.- analys is sho\ ed the number of assoc iated spec ies was sign ificantly depended on 
the size of P. juliflora individuals i n  the three regions (Table V). Generally, the larger and 
medium individuals sign ificantly reduced the number of species under compared to outside 
their canopies. On the other hand, smaller individuals did not affect  the number of 
associated species under their canopies. Only one spec ies was recorded under P. juliflora 
canopies i n  Ras A I-Khima and 7 under those of both Sharj a  and Fuj ira, compared to 1 6  
outside the canopies of Ras Al-Khima and 1 9  olltside them in both Sharj a  and Fuj ira. x.2 
showed sign ificant inhibition for associated species under larger individuals of the three 
regions and under the medium individuals of Ras AI-Khima and Sharja  (P<0.05) (Table V). 
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Table I V :  Effect of Prosopis ju/iflora croV.rt1 on average number of the associated spec ies 
in di fferent sites in harja  area. * :  P<0.05,  * * :  P<O.O I ,  and * * * :  P<O .OO I .  
Den ity 
ite ( i ndJ 1 00m2) Place from crown 
Under Margin Outside X2 
1 4  5 1 0  1 4  8 .02 * *  
2 35  3 4 2 3 .0 
3 9 .5  1 8  24 24 6.95* 
X2 1 5 . 3 * * *  1 6 .6 * * *  20. 5 * * *  
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able : Effect of crown ize of Prosopis juliflora on number of the associated specie 
three regions. *:  P<0.05.  * * :  <0.0 I .  
(a) Ras Al -Khima 
Place from 
crown mall 
U nder 8 
Margin 
Out ide 1 5  
Overa l l  1 6  
X2 2 . 1 3  
(b) harja  
Place from 
Crown Small 
U nder 1 0  
Margin 22 
Outside 20 
Overal l  25 
X2 4 . 7 7  






1 0  
Outside 1 2  
Overal l  1 6  




22 1 I 
1 9  1 4  
25 1 6  




20 1 5  
22 1 9  
28 22 
8 . 1 2 * 6 .65* 
Crown size 
Medium Large 
1 2  7 
1 6  1 3  
1 4  1 9  
1 9  20 
0 .58  6.68* 
- :  the shrubs were smaller to have quadrate at their margin .  
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Overal l  X2 
1 1  6 .0* 
27  1 . 32 
27 0.76 
32 2 .84 
Overal l  X2 
2 1  1 . 1 3  
3 1  l . 3 7  
3 1  0 .23 
35 0 . 72 
2 .4 1 
Overal l  X2 
1 6  1 .3 1  
2 1  0 .64 
22 0.76 
26 1 . 1 7  
In  
The number of a ociated pecies \.\'a a1 0 signi ficantly depended on the densi ty of P 
juliflora hrub in Fuj i ra .  X2 showed that higher den ity of P. julijlora significantly 
uppre sed the number of the as oc iated species under, at the margin and outside their 
canopies, compared to the lower density. The overal l  number of associated species wa five 
times greater in the low density sites than i t  in the higher density site Table V I ) . 
3. 1 .2 .  E ffects on pedes density 
General ly, density of species associated with P. julijlora is much greater in the stand 
of Ras AI-Khima and Fuj i ra than it in the stands of Sharja (Table VI I ) . Two way ANOV As 
ho\\ ed signi ficant effects for both crown size on densi ty of the assoc iated spec ies (F=4.43,  
P<0.05,  F= 1 1 . 7 1 ,  P<O.OO I and F=7.67,  P<0.00 1 in  Sharja ,  Ras AI-Khima and Fuj ira, 
respectively), place from the crown (F= 1 8 .9, P<O.OO l ,  F=7 .23 ,  P<O.O l and F=3 .6 1 in 
halja, Ras A I-Khima and Fuj ira ,  respectively), and their interact ion in Fuj ira (F=3 .35 ,  
P<0.05) .The a erall  numbers of individuals of associated spec ies outside the crown were 
greater than it under the crown by about 6 1 0%, 1 340% and 68%, in Ras A I-Khima, Sharja  
and Fuj i ra, respectively. Also, smal ler individuals encouraged higher density of the 
a sociated species than medium and larger individuals.  I n  most cases, larger individuals of 
P. julijlora i n  the three regions suppressed the densi ty of the associated species under their  
canopies compared to outside than medium and small individuals (Table V I I ) .  
I n  F uj ira, two way ANOVA showed sign ificant effec ts for density o f  P. julijlora (F=4 .43,  
P<0.05)  and quadrate place in re lation to their crown (F=S . l ,  P<O.OS) on the density of the 
associated species. H i gher density s ign ificantly inhib ited the density in every where in the 
site. The densit ies of associated species under, at the margin and outside the crown were 
32.  1 4  and 1 3  t imes greater at the low than at the higher density of P. juliflora, respectively 
(Table VI I I) .  
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Table V I :  Effect of crown density of Prosopis juliflora on number of the associated spec ies 
under d ifferent place of the crowns in Fuj ira. * * :  P<O.O I ,  * * * :  <0 .00 I .  
Place from Densi ty X2 
Crown Low H igh o eral l  
Under 1 6  2 1 6  1 0 .89**  
Margin 2 1  4 2 1  1 1 . 56* * 
Outside 22 5 22 1 0 . 70**  
Overal l  25 5 1 3 . 3 * * *  
X2 1 .05 1 .27  1 .03 
3 7  
Table VU:  Effect of crown size of Prosopis juliflora on a erage den i ty ( i ndividua lsl l 00 
m2) of the as ociated spec ies under di fferent places of the crown in three regions. 
(a) Ra I-Kh ima 
Place from Crown size 
rown mall Medium Large Overal l  
Under 92 .3  ± 45 .8  30 . 1 ± 1 2 . 3  0 . 1 ± 0 . 1 44 .8  ± 1 8 . 1  
Margin rO.2 ± 1 7 1 . 8 1 3 1 .9 ± 37 . 1 1 0 1 .3 ± 34 .6 206 .5  ± 68.0 
Outside 3 50.2 ± 1 7 1 . 8 1 74 .0  ± 56 .3  422 .9 ± 1 67 3 1 8 .3  ± 85 .6  
Overal l  26 ± 4 .2  ± 82.4 1 1 2 .0 ± 23 .8  1 74 .8  ± 5 7 . 7  
(b) harja 
Place from Crown size 
crown Small  Medium Large Overal l  
Under 6 . 7  ± 2 . 1  3 . 3  ± 1 . 3 6 .0  ± 4 . 3  6 . 7  ± 1 . 9 
Margin �7 .4 ± 1 9 .6 28 .2  ± 20. 1 20.0 ± 4.4 3 1 .3 ± 8 .6 
Outside 99.3 ± 4 1 . 1  40 .7  ± 30 .9  1 3 1 .9 ± 50 .6  96 .6  ± 25 .8  
Overal l  5 1 .2 ± 1 5 .2 24 . 1 ± 1 2 . 3  5 3 . 6  ± 1 7 .0  
(c)  F uj i ra 
Place from Crown size 
crown Small  Medium Large Overal l  
Under 289 .7  ± 84 .6 49 .6 ± 1 5 . 5  1 0 .0 ± 3 .5  64 .9  ± 1 5 .0  
Margin 242 .0 ± 1 00 .7  1 1 5 .0 ± 38 .4  59 .0 ± 1 4 . 1 90 . 7  ± 20.0 
Outside 242 .0 ± 1 00 .7  87 .2  ± 34 .5  1 32 .0  ± 52 .5  1 08 .8  ± 25 .8  
Overa l l  258 . 1 ± 55 . 1 83 .9  ± 1 8.0  67 . 3  ± 1 8 .2  
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Table I I I :  Effect of crown density of Prosopis juliflora on average density 
( i nd i\- idual 1 1 00 m2) of the a ociated species under di fferent places of the crowns in 
Fuj ira . 
Place from Densi ty 
crown Low H igb Overal l  
Under 85 .6 ± ± 1 9.9 2 .6  ± 1 .5 64.9 ± 1 5 .0 
Margin 1 1 8 .4 ± 26.6 7 .7 ± 2 . 7  90.7 ± 20.0 
Outside 1 42 .0  ± 34 .3  9 .8  ± 3 .3  1 08 . 8  ± 25 . 8  
Overal l  1 1 5 .2  ± 1 5 .9 6 . 7 ± 1 . 5 
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3. 1 .3 E ffect 00 pecie compo it ioo 
3 . 1 .3 . 1 .  Ra I-Kbima region 
X2 sho\\ ed that the den ity of indi iduals of 1 8  spec ies, out of 30 spec ies recorded 
at Ra l-Khima, was sign ificantly inhibited under the crown of the P. juliflora compared 
to out ide it ( P<0.05, Table I ). The density of 1 1  out of these 1 8  pecies was only 0-2 
individual 1 1 00 m:! under the ro\ n. The other 7 spec ies attained more than 1 5  
ind ividual 1 1 00 m2 under the crown (one of them, Malva parviflora, attained 600 
individual under the crown compare to 4289 individuals 1 1 00 m20utside it). In  add it ion, 
ix other pecies did not represented by a single individual under the canopy, so their  
density \ as not  d i ffered sign ificantly between outside and under the canopy of P. juliflora 
( P>0.05) .  Al l  the pecies that \ ere inh ibited by P. juliflora crown are annuals. However, 
two other annuals ( Chenopodium a/bUill and Melilotus indicus) attained higher densities 
and frequencies both under and outside the crowns. I t  i s  i nteresti ng to note that the only 
two species that encouraged growing under the canopy of P. juliflora are the perennials 
Sporobolus spicatlls and the seedl ings of P. juliflora (Table IX).  The same trend was 
confirmed by the results of X2 on the frequency of occurrence of the assoc iated spec ies 
( i .e .  number of stands in which spec ies appeared at least once) under and outside the 
canopy of P. juliflora. (Table IX) .  
3 . 1 . 3 . 2 .  Sharja region 
X2 tests showed that the frequency and dens i ty of seven species were inh ibited 
sign i ficantly under compared to outside the crown of P. juliflora shrubs. These are the 
annuals Centaurea pseudosinaica, Cutalldia memphitica, Erodiul1l neuradifolium, Lotus 
glinoides, Medicago laciniata, New'ada procumbens and Salsola baryosma. Two other 
herbaceous species (Cleome rupicola and Launaea capitata) attained lower frequency, but 
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Table I X :  Effect of the canopy of Prosopis }uliflora on frequency (N = number of stands in 
"" hich species appeared and percentage out of a total 39 examined stands) and density 
(number of individuals per 1 00 m2) of a ociated species in Ra AI -Khima sites. * :  
P<0.05,  * * :  P<O.O L and * * * :  P<O.OO l .  
Place from crown 
peele Under Margin Outside X2+ X2++ 
% Den % Den N % Den 
Allagaills alTCIISIS 0 0.0 0.0 3 7.7 30.8 3 7 .7  30.8 * *  
Allaslallca /lleroellllll/ica 0 0.0 0.0 0 0.0 0.0 3 7 .7  1 5 . 4  * *  * 
Asphode/us /elllli/olius I 2.6 2 6  I 2.6 5 . 1  0 0.0 0.0 
ASlraga/us Irlbu/oides 0 0.0 0.0 5 1 2.8 1 2.8  9 23. 1 23. 1 * * *  
Broil/us sp 0 0.0 0.0 4 1 0.2 94.9 4 1 0.2 1 3 1 2  * H  
Celllaurea pselldosillQ/ca 0 0.0 0.0 I 2.6 2.6 0 0.0 0.0 
Chellopod/lll/l lIIura/e 1 5  38 5 256 20 5 1 .3 2 1 7  22 56.4 2 1 7.9 
ClIlalldw memp/lIllca 0 0.0 0.0 2 5 . 1 7.7 2 5 . 1  7.7 
Emex SplflOSUS 6 1 5 . 4  1 5 . 4  24 6 1 .5 264 1 4  35.9 35 1 .3 * * *  * *  
Erodllllli neuradi/olwlIl 0 0.0 0.0 2 5 . 1 23. 1 I 2.6 2.6 *** 
Hall/mada e/egalls 0 0.0 0.0 0 0.0 0.0 I 2.6 2.6 
Hippocrepis cOIIS/ricla 0 0.0 0.0 1 2.6 2.6 1 2.6 2.6 
Lalll/aea cap,lala 2 5. 1 5 . 1 3 7 .7  1 5. 4  5 1 2. 8  1 7.9  
LOlli gll/lDldes 0 0.0 0.0 1 2.6 7.7 3 7.7 23 . 1  * *  
LyclU/1l shall'li 2 5 . 1 2.6 1 2.6 1 .3 0 0.0 0.0 
Ma/I'a parl'ljlora 1 6  4 1 .0 600 30 76.9 40 1 5  30 76.9 4289 *** 
.\ledlcago /acillla/a 3 7.7 23. 1 1 2  30.7 930 22 56.4 274 1 * * *  * * *  
Mehlo/us lIldicus 1 I 28.2 420 1 6  4 1 .0 364 1 2  30.8 330.8 
Parollyellla arabiea 0 0.0 0.0 4 1 0.3 28.2 5 1 2.8  20.5 * *  
Plan/ago Ol'ala 0 0.0 0.0 9 23 . 1  79.5 1 2  30.8 92.3 *** ** 
Prosopis )ulijlora 9 23. I 23. 1 0 0.0 0.0 0 0.0 0.0 * * *  *** 
Sa/sola boryosma 3 7 .7  43.6 9 23. 1 1 54 2 5. I 1 2. 8  * *  
Si/elle I'll/osa 0 0 0  0.0 2 5. 1 30.8 3 7 .7 25.6 * *  
Spergu/aria manna 4 1 0.2 33.3 19 48.7 1 38 20 5 1 . 3 1 66.7 
*** * *  
Sporobolus spica/lIS 2 5. I 5 . 1 0 0.0 0.0 0 0.0 0.0 
rragus berteroll/al/us 0 0.0 0.0 0 0.0 0.0 9 23. 1 23. 1 
*** * * *  
rngollel/a hamosa 0 0.0 0.0 2 5 . 1 1 0. 2  4 1 0.3 1 7.9  
* 
Urospermum pieroides 0 0.0 0.0 3 7 . 7  1 5 . 4  3 7 .7  1 5 . 4  
* 
SelllSl/lUS borba/us 0 0.0 0.0 6 1 5 . 4  76.9 4 1 0.3  89.7 
* * *  
SlSymbrium el)'Sl/l/oides 3 7.7 25.6 10 25.6 1 92 I I 28.2 3 1 5 . 4  * * *  
0\ emIl 2 I 5.4  5 .9  I S . I 6.8 1 7.6 
• Test the di fference between the densit ies of each species. +> Test the difference between the occurrence frequencIes of each species 
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Their den i ty did not di ffer between under and out ide the crowns. On the other hand, 
seedl ing of P. juliflora attained greater frequency and density under than out ide the 
crown of the shrubs of the same species. I 0, the perennial Aeluropus mossouensis 
attained greater frequency, but not den ity, under the crown of P. juliflora (Table X). 
3 . 1 . 3 . 3 .  Fujira region 
The effect of size of P. julifloro shrubs on the den ity of the associated native 
pec ies wa asses ed in Fuj ira (Table Xl) .  Compared to small individuals, large and 
medium individual s ign ificantly inhibited or reduced the native plants under their crowns. 
even and six species were inhibited or sign ificantly reduced under the crowns of large and 
medium shrubs respectively. On the other hand the density of the annual Spergularia 
morillo " as sign i ficantly reduced under the crown of the smal l  individuals, but the reverse 
was true for two annuals (Amaranthus viridis and Eragroslis barrelieri) and the perennial 
Aeluropus lIlossauensis as their densities were s ignificantly increased under the crown of 
the small  individuals of P. juliflora (Table Xl) .  
The effect of density of P. juliflora on the density of the associated specles was also 
examined in  Fuj i ra (Table XI I ) . H igher density sign ificantly inhibited the survival of the 
associated species under, at the margin  and outside the canopies, compared to low 
densi ties. The densities of six annuals were sign ificantly reduced under P. juliflora 
canopies with lower density. These are Anaslalica hierochuntica. Eragrostis barrelieri. 
Euphorbia serpens, Plalltago ovala, Spergularia marilla and Lalipes senegalensi. The 
densities of the annual Vaccaria pyramidata and the perennial Aeluropus massollensis 
were increased under the canopies of lower density. U nder h igher density ,  however, the 
density of only P. juliflora seedl i ngs and the annual A nastatica hierochuntica were 
I ncreased outside the canopies, but no presence was recorded for the other species any 
where i n  the s i te (Table XII ) .  
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TabJe X :  Effect of the canopy of Prosopis juliflora on spec ies frequency (N = number of 
tand in , hich pec ie appeared and percentage out of a totaJ 73 exam ined stands) 
and den it)' (number of indi iduals per 1 00 m2) in harja  sites. * :  P<0.05, * * :  P<O.O  L 
and * * * :  P<O.OO l .  
Place from crown 
pecies Under Margin Outside X2+ ?+
+ 
x-
0 0  Den % Den N °"0 Den 
Adliropl/s lIIassnuellslS 4 5 .47 2.7 0 0.0 0 0 0.0 0 * 
AnaSlallca /lIerOChUllllcn 0 0 0  0 4 5 .47 9.0 6 8.22 1 2.6  
Bassin muncala 0 0.0 0 I 1 .37 1 .8 I 1 .37 1 . 4 
Cellchrus clltnrls 0 0.0 0 4 5 . 47 6.4 4 5 .47 4.6 
Celllal/rea pseudoslllaica 0 0.0 0 4 5 .47 4.6 1 1  1 5 . 1  1 6.9 *** * *  
Chellopodllllll murale 2 2.74 1 .8 4 5 .47 6.4 5 6.85 9.6 
Cll.'ol1le I1Iplcola 0 0.0 0 2 2.74 0.9 6 8.22 2.7 * 
Cornlliaca 1Il0llacalllha 0 0.0 0 0 0.0 0 1 1 .37 0.4 
Culalldia lIIelllplllfica 2 2.74 0.9 1 2  1 6.4 1 8. 3  1 7  23.3 44.7 *** * *  
C) penlS cOlIglomcratlls 0 0.0 0 0 0.0 0 I 1 . 37 0.5 
Emex SPIflOS!lS 2 2.74 0.9 6 8.22 28.3 8 1 0.9 53.8 *** 
Erodllllli neumdt/oltum 0 0.0 0 6 8.22 22.8 6 8.2 26.5 *** * 
Erl.'lIIoblUlIJ aegypl/Ocul1l 0 0.0 0 2 2.74 0.9 0 0.0 0 
Hippocrepis COllSlr/cta 2 2.74 0.9 4 5,47 1 .8 0 0.0 0 
Lallllaea cap,lala 0 0.0 0 8 1 0.9 3 .6 1 1  1 5 . 1  7.8 * *  
LoIUS glilloides 4 5 .47 3 .6  1 8  24.6 350 24 32.9 1 444 *** * *  
LyCIIIIII shawlI 0 0.0 0 0 0.0 0 2 2.74 0.9 
Mal\'O paJ'l'tjlora 2 2.74 6.4 4 5 ,47 2 1 .9 7 9.59 7 .8  * 
Medlcago lacllliala 0 0.0 0 6 8.22 3 .6 2 2 .74 0.9 * * 
Nelll'ada procumbellS 0 0.0 0 2 2.74 0.9 1 0  1 3 .7  1 3 . 7  * * *  * * *  
Pall/culII lurgldulII I 1 . 3 7  0.4 1 1 . 37 0.4 1 1 .3 7  0.5 
Paronychia arabica 4 5.47 5.5 1 0  1 3 .7 20. 1 1 2  1 6 . 4  1 4 .6 
* 
PelllllSetulII divislllll 4 5.47 4. 1 3 4. 1 1  2.7 2 2 .7  1 .4 
Phalans 11111/01' 4 5.47 50.4 3 4. 1 1  1 4.4 5 6.84 1 5 .5  
Phmgmlfes australis I 1 . 37 0.9 2 2.74 3.6 2 2.74 6.8 
PlallIago ovalO 4 5.47 1 5 . 5  1 2  1 6.4 53.9 1 3  1 7.8  32 .4  
*** 
ProsoplS Jultjlora 8 1 0.9 9. 1 3 4. 1 1  3 .6 0 0.0 0 
* * 
Salsola bar)'osma 2 2.74 0.9 1 0  1 3. 7  9.6 5 6.85 3.2 
* * 
ScI,lSIIlUS barbalus 4 5 .47 5.5 8 1 0.9 34.7 1 2  1 6.4 38.4 
* * *  
Setaria I'erticellala 5 6.84 8.7 2 2.7 5.0 3 4. 1 1  7 .8 
Spergularla marilla 0 0.0 0 6 8.22 1 .8 4 5 .47 1 .4 
Sporobolus sp,calus 3 4. 1 1  5.9 3 4. 1 1  1 .8 1 1 .3 7  0.5 
Slipagrostis plumosa 4 5.47 6.4 9 1 2.3 1 5 .5 1 4  1 9.2 9.6 
Tragus berTeroll/allus 2 2.74 0.9 5 6.85 6.8 7 9.59 1 0.0 
Z}gophyllulII hamlellSe 6 8.22 6.4 9 1 2.3  8.6 7 9.59 5 .5  
- Test the dI fference between the densIties of each species. ++ Test the dI fference between the frequencies of each species. 
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Table 1 :  Effects of posit ion from the canopy and s ize of Prosopis juliflora hrub on 
densit) o f a  soc iated spec ies in Fuj ira. * :  P<O.05 ,  * * :  P<O.O l ,  and * * * :  P<O.OO L 
according to X2 te t 
Large Mediwn Small 
peele 
M Out x2 U M Out X2 U M Out X2 
ACOCIO lortlITs 0 1 6.7  8 .3  0 0 0 0 0 0 
AeillroplIs mauauellsis 0 0 0 77.8 1 I .  1 1 1 .  1 1 50 200 200 
Amarallfhus 1'!rIdl 0 0 66.7 0 0 0 1 50 0 0 6.84 
Allastatlca 
1 25 725 2408 ***  677 20 1 1 1 600 ***  2050 
hleroc/rulltlca 
1 733 1 733 
Arnehra IIISpiciHSl1l70 0 8.3 58 .3 0 1 I .  1 1 1 . 1  0 0 0 
A trogel/lls 8.3 0 8 .3  0 1 1 . 1 1 1 .  1 0 0 0 
Cen Imls clhans 0 75 75 *** 0 0 0 0 0 0 
ChenopodIUm murale 0 0 0 0 0 0 0 0 0 
C)'lIodon dactyloll 0 0 0 1 3 .3 0 0 1 6 .7  0 0 
Eragro tiS barrelieri 0 0 58.3 * 1 00 3 1 1 277.8 ***  1 33 .3 1 1 6.7 1 1 6.7 6. 1 
Euphorbia serpell 8.3 1 4 1 .7 1 00 9.8 77.8 66.7 66.7 *** 50 33 .3 33 .3  
Latlpes enegalen I 25 58 .3  1 6 .7 1 0.0 0 1 1 . 1 0 1 3  0 50 50 
Laullaea copltata 0 8.3 0 0 0 0 0 1 6.7  1 6.7  
MaIm par.'lj7ora 0 8 .3 8 .3  ***  1 1 . 1  0 0 0 0 0 
Aledlcago lacl/Hata 0 0 0 I 1 .  1 0 0 0 0 0 
ParonychlO arablca 0 33 .3  1 6.7 8.0 0 0 0 0 0 0 
P/allfago ovata 8.3 1 25 66.7 44.4 66.7 66.7 8.62 0 1 6.7 1 6.7  
Poa alllllla 0 0 0 0 22.2 22.2 0 0 0 
Prosopls jullflora 9 1 . 7 3 1 6 .7 4 1 6.7 ***  66.7 55 .6 22 .2 0 1 50 1 50 5 .3  
Rha::ya stricta 0 8.3 8.3 0 1 1 . 1  1 1 . 1  0 0 0 
Setaria vertleel/ata 0 0 0 1 1 . 1  0 0 0 0 0 
Spergu/ana marilla 0 0 33 .3 1 55 .6 288.9 77.8 ***  0 3750 3750 ***  
Stipagro tiS p/1l1l10 a 0 8.3 8 .3  1 1 . 1  22.2 22.2 30 1 66.7 66.7 
Tephro ia apo/llnea 0 0 1 6.7  0 1 1 .  1 1 1 . 1  2 1 6  0 0 
Tnbullls terresrris 0 0 4 1 .7 6.7 0 1 1 . 1  0 1 6.7 66.7 66.7 
raccaria pyramidata 8 .3  0 25 ***  44.4 66.7 55 .6 *** 1 733  1 00 1 00 
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Table X I l :  E ffec ts of po ition from the canopy and den i ty of Prosopis juliflora hrubs on 
density of a oc iated species in Fuj ira . * :  P<0.05 , ** : P<O.O I ,  and * * * :  P<O.OO I .  
accord ing to X2 te t .  
pecies 
High densi� Low densi� 
M Out x.2 M Out "iJ 
Acac((J 10rliII 0 0 0 0 7.4 3 . 7  
Aeluropus mas auellS1S 0 0 0 59 .3  48.2 48.2 * * *  
Amaranlhus vmdls 0 I Ll  I 1 . 1  33 . 3  0 29.6 
Ana lallea hlerochul7tica 22.2 3 3 . 3  55 .6  * *  73 .7  1 3 77 .8 1 988 .9 6 .95 
Arnebia III pidi SlIlIa 0 0 0 0 7.4 29.6 
A tragellu 0 0 0 3 . 7  3 . 7  7.4 
Cellchrus cz/wri. 0 0 0 0 33 . 3  33 . 3  * * *  
ChenopodiuJII lilt/role 0 0 0 0 0 0 
Cy170dOil dactyloll 0 0 0 3 . 7  0 0 
Eragrostis barrelieri 0 0 33 . 3  63  1 29 .6 1 44.4 * * *  
Euphorbia serpens 0 0 0 40.7 92.6 74 . 1  * * *  
Lallpe el7egaien is 0 22.2 22.2 1 4 .8 40. 7  1 8 . 5  * * *  
Launaea capilata 0 0 0 0 7.4 3 . 7  
Maim parl'ijlora 0 0 0 3 . 7  3 . 7  3 . 7  
Medicago lacilliata 0 0 0 3 . 7 0 0 
Paronychia Arabica 0 0 0 0 1 4 . 8  7.4 8 
Plantago omla 0 0 0 1 8 . 5  8 1 . 5 5 5 .6 1 0 .86 
Poa allllLla 0 0 0 0 7.4 7.4 
Prosopis juliflora 44.4 1 33 . 3  1 33 . 3  8 .9 63 1 92 .6  225 .9  * * *  
Rha:::ya slricta 0 0 0 0 4 .7  7.4 
Setaria l'erticellata 0 0 0 3 . 7  0 0 
Spergularia marina 0 0 0 722 .2 929.6 874. 1 * * *  
Sflpagrostis plul1lo a 0 0 0 5 1 . 9 25 .9 25 .9  
Tephrosia apollillea 0 0 0 0 3 . 7  1 1 . 1  
Trzbulus terrestri 0 0 0 0 1 8 . 5  33 .3  
Vaccaria l!.xramidata 0 0 0 403 . 7  44.4 5 1 . 9 * * *  
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3.2 .  E ffect  of  n ative Pro opis cineraria on the associated fl o ra 
The crown of the nati e Prosopis cineraria shrubs ha e a signi ficant posi tive 
effect on the den i ty of the assoc iated pec ie (X2 = 63 .4. P<O.OO J ) . The 0 eral l  density of 
the a oc iated pe ies under ( 1 78 individuals/ I OO) and at the margin (228 indi iduals/ I OO 
m2) of the cro\\ n wa signi ficantly greater than it outside the crowns ( 1 33 individuals/ I OO 
m2). The numbers of as ociated spec ie per 1 00 m:! under, at the margin and outside P. 
cineraria crown \ ere 1 78 and 228,  respectively, compared to 1 33 individuals outside 
them. Despite the number of spec ies did not di ffer s ignificantly between under, at the 
margin and outside the crown of P. cineraria (X2 = 1 .4, P>0.05), the number at the margin 
increa ed that out ide it by 50% (Table X I I  I ) .  
I t  is intere ting to note that none of the associated species survival was inhibited 
under the crowns of A. torti/is, compared to outside them . I n  addition, X2 tests showed that 
the densit ie of 1\ 0 annuals (Anastatica hieroc/zuntica and Vacca ria pyramidata) were 
sign ificantly increased under than outside the crowns. Also, the densities of Astragallus 
annularis, Clzrozophora oblongifolia, Plantago ovalo, Spergularia marilla and Tribulus 
terrestris were significantly increased at the margin of the crowns than either under or 
outside it (Table X I I I) 
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Table X I l l :  Effect of the canopy of Prosopis ineraria shrub on density of as oc iated 
species in Fuj ira. * :  P<0.05,  and * * * :  P<O.OO l ,  accord ing to X2 test. 
pec ies nder Margin Outside X2 
Acac/Q tortilis 0 1 1 . 1  0 
Aeluropu massauellSIS 22 .2 0 0 
Amaralll!lUs \'Iridls 22.2 1 1 1  0 
Anastatlca hierOc/llIlltica 3 866 3655 2277 * * *  
Astragcllus allllularis 0 1 00 0 * 
CCllchni cillan 66.7 33 .3  33 . 3  
ChenopodIUm lIlurale 22.2 77.8 22.2 
Chro::ophora oblollgijolia 0 1 00 0 * 
Eragrostls barrelieri 1 33 . 3  1 44 .4 88 .9  
Euphorbia erpens 1 1 . 1  44.4 1 1 . 1 
Latipes senegalensls 1 22 . 2  1 66 .7  8 8 .9 
Laullaea capitata 1 6 . 7  0 0 
Lotu graclllzi 0 33 .3  33 .3  
Paro/lychia arabica 0 0 3 3 . 3  
Plantago o\'ala 66.7 533 . 3  1 00 
* 
Prosopis juliflora 66.7 33 .3  66 .7  
Spergu/aria marilla 644 1 95 5  1 1 33 
* * *  
Stipa capellsis 0 33 .3  0 
Stipagrostis p/ulllosa 0 1 6 .7  1 6 . 7  
Tribulus terre tris 0 3 3 .3 0 
* 
Vaccaria pyramidata 66.67 22.2 0 
* 
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3.3 .  i z e  t ructure of  P. juliflora 
The frequency of P. Juliflora individual in  d i fferent ize c lasses is shown in F igure 
( I I I ) .  General ly, the frequency of smaller individual i s  ignificantly greater than frequency 
of older larger indi idual , e pec ial ly in Fuj i ra and Ra Al-Khima regions (Figure I I I  a & 
b) .  The age structure in harja reglon, as indicated by size of the individuals, seems to be 
table ( i . e . ,  with comparable proportions of larger, medium and mal ler individuals), so the 
mai ler young indi idual are sti l l  over represented (F igure I I I  c) . Estimation of the 
kewnes , which is a mea ure of the symmetry of a disuibution about i ts mean, indicates 
that the d istribution is a ymmetric .  The values of skewness and standard error of skewnes 
of s ize d istribution of P. Juliflora individuals were 1 04 1 1 and 0. 1 26 in Fuj ira, 0.69 1 and 
0. 1 65 in Ras AI-Kh ima and 00467 and 0. 1 53 in Sharj a, respectively. A significant posit i  e 
ske\ ness value i nd icates a long right tai l ;  and consequently greater frequencies toward the 
smaller i nd ividuals and lower frequencies for the old individuals.  The ratios of 
skewne s/ tandard error of skewness are greater than 2 indicating that the ske\ ness 
coefficient is s ignificant in the three regions ( Figure I I I ) . 
3 .4. E ffect  o f  P. juliflora o n  soi l  c h a racters 
One way ANOV As showed that the effects of crown of P. juliflora on most soi l  characters 
was h igh ly sign ificant in two dense old stands of Sharja  ( P<O.OO 1 ), but not in the third 
stand of the same site and the stands of Ras AI-Khima ( P>0.05 ). In the first and second 
sites of Sharj a, the pH values decreased from 7 .55  and 7 .30 under the crown to 7.07 and 
6.75  outside, respectively. In these stands, soi l  characters increased under than outside the 
crown of P. juliflora by 288  and 800% for EC, 1 25 and 62% for soluble bicarbonate, 68 
and 224% for Na, 77 and 1 54% for K, 6 .7  and 34.2% for ni trogen, 34 .8  and 22.5% for 
phosphorus and 1 3 8 and 1 08% for organ ic matter (Table X IV) .  
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Figure I I I :  The frequency distribution of Prosopis juliflora individuals with d ifferent plant 
sizes in the three studies regions. 
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Table X I  : Effects o f  Prosopis juliflora crown o n  the mean o f  some soi l  characters in 
harja and Ra AI-Khima sites. Means with the same letter for a soi l  valiable under 
and outside the canopy of a site are not di ffer sign i ficantly from each other at P = 
0.0 - . 
Place pH EC HC03 Na K P OM 
Region ite from dS/m meq/l meq/I meq/l ppm ppm % 
crown 
harj a Outside 7 .55  • 3 .9 6 1 .26 30.2 6 7 .5 6 8.9 • 4.6 
6 5 .5  
Under 7.07 b \ 2.9 • 2.7 3 50.8 3 \ 3 .3 • 9.5 • 6.2 a \ 3 . 1  " 
2 Outside 7 .30 '  3 .4 b 1 .23 b 3 1 . 1  b 8 .5  b 7.3 b 4.0 ' 3 .9 b 
Under 6.75b 34.2 " 2 .00 ' 1 00.9 a 2 1 .6 • 9.8 • 4.9 ' 8. 1 • 
3 Out ide 7. \ 0 '  3 .0 • 1 . 27 ' 32 .0· 9.9" 6.2" 1 0.2 • 4.60 ' 
Under 6.85 • 2.5 " 1 .4 1  " 2 1 .4 b 1 \ .4" 6.7 • 1 1 . 1  " 4.70 " 
Ras Al 1 + 2 Outside 6 .64 a 2. 1 " 1 .9 \  " 23.4 " 1 3 . 1  b 5 .7 ' 8 .2 " 5 .9 " 
Khima Under 6.99 " 1 .2 "  1 . 55 " 26.9 " 20.6 " 7 .5 " 1 3 .6 " 8.2 " 
Fuj ira alty Outside 6.83 3 89.2 a 2.98 a 1 70.2 " 28. 1 '  4.9 b 0.50 " 1 6.7 3 
Under 6.62 3 45 .2 b \ .82 b 1 1  1 .6 b 28.6 " 6. 1 " 0.5 1 " 1 9.7 " 
Non Outside 7.43 3 l AO b 1 . 1 6 "  1 2 .6 b 6. 5 b 2 .7 b OA 1 " 1 1 .38  " 
Salty Under 7.04 6.6 1 • 1 .26 " 2 1 .7 a 9.35 a 4.6 " 0.56 " 24.94 " 
Prosopis Outside 7A3" l AO a 1 . 1 6 "  1 2 .6 a 6.5 b 2 .7 
b 0.4 1 b 1 1 .38  a 
cineraria 
Under 7.35 " 2A l a 1 .00 ' 1 3 . 5  a 8.9 " 3 . 5  a 065 a \ 4 .8 a 
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In  Fuj i ra, pH value decreased significantly under the crown of P. }llliflora in the non 
al ty i te, but not in the salty site. General ly, the pH is lower in the salty than non- alty ite. 
It i intere ting to note that P. }uliflora shrubs increased sal in i ty (a indicated by EC) and 
odium content in the non-salty site, but the rever e was true in the salty site. Nitrogen and 
potassium increa ed s ign ificantly under the crown of non-salty site and only nitrogen in the 
alty ite. On the other hand, Prosopis cineraria shrubs did not affect  the pH,  sal in i ty and 
sodium content, but ignificantly i ncreased potassium, n itrogen and phosphorus under their 
crown (Table XIV). 
3.5 E ffect of s i te of  o rig in,  t i me of seed maturat ion,  a n d  seed sto rage o n  P. 
juliflora germi n at i o n  
3.5 . 1 .  E ffects of maternal  habitat, t ime  of seed matu ration and sto rage on seed 
germ i nation 
The factorial analysis of variances (A OVA) showing the effects of maternal habitat 
(Fuj i ra, Sharja and Khor Facan), time of seed maturation (autumn, winter and spring), seed 
storage ( fresh vs. stored for 8 months), l ight ( l ight vs. dark) and temperature of incubation 
( 1 5 , 25 and 2 5 °C)  and their i nteractions on final germ ination percentage and gelmination 
rate of P. juliflora are represented in Tables (XV and XVI) .  All the i ndependent factors 
had highly sign ificant effects ( P<O .00 I )  on both final germ ination percentage and 
germination rate. A lso a l l  of the i nteractions between the main factors had sign ificant 
effects, except most of the i nteractions between maternal habitat and the other factors on 
the final germination (Tables XV and XVI) .  
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Table X : Mul t i  ariate ANaYA test the effect of seed storage, t ime of seed maturation, 
materna l habitat l ight and temperature of i ncubation on final germi nation percentage 
of Prosopi juliflora. ns = ins ign ificant at P = 0.05 
ource of variat ion df MS F-ratio P 
Maturation Time (MT) 2 1 . 1 7 1  286.97 <0.00 1 
torage ( ) I 6.002 1 47 1 .4 1  <0.00 1 
Maternal Habitat (MH)  2 0 .409 1 00 .36 <0.00 1 
Temperature (T) 2 0 .493 1 20 .87  <0.00 1 
Light (L)  1 1 .207 295 .94 <0 .00 1 
MT * 2 0 . 1 98 48 .42 <0.00 1 
MT * MH 4 0 .0 1 9  4 . 5 8  <0.0 1 
MT * T  4 0 .02 5 .0 1  <0 .0 1 
MT * L  2 0 .03 7 9 .0 1 <0.00 1 
* MH 2 0 .076 1 8 .73 <0.00 1 
S * T  2 0 . 1 8 1  44.4 1 <0.00 1 
S * L  1 0 .002 0.42 11S 
M H * T  4 0 .003 0 .76 11S 
M H * L  2 0 .006 1 .3 8  11S 
T * L 1 5  2 0 .565 1 38 .6  <0.00 1 
* MT * M H  4 0 . 1 2  29 . 5 1 <0.00 1 
S * MT * T 4 0. 1 06 26.05 <0.00 1 
S * M T  * L 2 0.028 6.79 <0.0 1 
S * M H  * T 4 0 .02 4 .92 <0.0 1 
S * MH * L  2 0 .0 1 2  3 .00 11S 
S * T * L  2 0 .046 1 1 .26 <0.00 1 
MT * MH * T  8 0 .002 1 . 75 11S 
MT * M H * L  4 0 .037 9 . 1 8  <0.00 1 
MT * T * L  4 0 .029 7 . 1 7  <0.00 1 
M H * T * L  4 0.033 7 .99 <0.00 1 
S * MT * M H  * T 8 0.0 1 1 2 . 70 <0.0 1 
S * MT * M H  * L 4 0.022 5 . 39 <0.00 1 
S * MT * T * L 4 0 .045  1 1 .05 <0.00 1 
S * MH * T * L  4 0 .0 1 6  3 .98  <0.0 1 
MT * M H  * T * L 8 0 .002 1 . 75 11 S  
S * MT * MH * T * L 8 0 .006 1 .43 11S 
Error 2 1 6  0 .004 
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able VI : Mult i  ariate ANOYA te ts the effect of seed storage, t ime of seed maturation, 
maternal habitat and temperature of incubation on germination rate of Prosopis 
}uliflora. ns = in ignificant at P = 0.05 
ource of anatJOn df M F-ratio P 
Maturation t ime (MT) 2 652.088 1 3 5 .32  <0.00 1 
torage ( ) 1 39 1 6 . 1 25 8 1 2 . 70 <0.00 1 
Maternal habi tat ( M H )  2 43 1 .26 1 89 .50 <0.00 1 
Temperature (T) 2 1 022 .7 1 2 1 2 .24 <0.00 1 
MT * 2 346.328 7 1 . 87  <0.00 1 
MT * M H 4 33 .066 6.86 <0.00 1 
MT * T  4 1 7 . 1 82 3 . 5 7  <0.0 1 
* MH 2 1 44 .042 29.89 <0.00 1 
* T  2 59. 1 99 1 2 .28 <0.00 1 
M H * T  4 1 0 .068 2 .09 ns 
* MT * M H  4 66.09 1 1 3 . 72 <0.00 1 
S * MT * T  4 46.263 9.60 <0.00 1 
* M H * T  4 2 . 843 0 . 59  ns 
MT * M H  * T 8 1 0 .048 2 .09 <0.005 
S * MT * M H  * T 8 1 1 . 702 2 .43 <0.005 
Error 1 08 4 . 8 1 9  
53  
3.5 .2 .  E ffect  of the  independent factor 
The mo t u i table temperature for germ ination \ as at 40 DC, which attained 
signi ficantl) greater germ inat ion (46. 1 %) than at 25 DC (4 1 . 1  %) and at 1 5  DC (34 . 1 %). 
eed germ ination \ as igni ficantly greater at l ight (45 . 7%) than at dark (35 .2%). 
General ly, eeds matured during autumn attained s ign i ficantly greater final germination 
(50 .9%) than tho e matured during \ inter and spring (about 35% for both of them ).  The 
germ ination rate \ as also igni ficantly greater for seeds of autumn (20.6) than for seeds of 
both \v inter ( 1 5 .2 1 )  and pring ( 1 4 . 1 ) . 
eed col lected from Fuj i ra atta ined ign i ficantly greater final germ ination (46 .2%) than 
seeds col lected from both Khor Facan (36.4%) and Sharja  (38 .7%). S imi larly, germ inat ion 
rate \ as signi ficantly greater in seeds of Fuj i ra ( 1 9 .9) than that of seeds from Khor Facan 
( 1 4 . 8 )  and harja  ( 1 5 .2 ) .  Stored seeds germ inated signi ficantly greater ( 52 . 5%) than fresh 
har ested seeds (28 .4%) . Also, germ ination was faster in stored seeds (2 1 . 5 5 )  than i t  in 
fre h seeds ( 1 1 .72) .  
3.5.3. E ffects of  the i n teractions between i ndependent factors 
3 . � .3 . 1 Temperature and l ight interact ion 
The ANOVA showed also that the i nteraction between l ight and temperature i s  
sign ificant ( P<O.OO l ) . There was n o  s ign ificant d i fference between the germ inat ion i n  l ight 
and dark at 1 5  and 25 DC,  but l ight germi nation was s ign ificantly greater than that of dark 
when seeds germ inated at 40 DC .  The genn inat ions were 32 .9% and 3 3 . 7% at 1 5  and 40 DC, 
respectively in dark, but were 3 5 . 3  and 5 8 .6%, respectively in l ight (F igure IV) .  
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FIgure IV: The interaction of temperature and l ight of incubation on final  germination 
percentage, Dark = 1 5 °C, white = 25 °c and hatched = 40 °C 
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The interaction between time of seed maturation and seed storage on final germination 
and germ ination rate \ a ign ificant ( P<O.OO I ,  Tables XV and X V I ) .  The final germ inat ion 
of tared eed wa greater than that of fre h seeds by about 85%, so the d i fference ranged 
from 64% for seed matured during pring to 1 1 0% for seeds matured during winter, 
i ndicating that the dormancy loss was greater in seeds of winter than seeds of spring 
(Figure Va). Whi le the gern1ination rate did not d i ffer significantly between fresh seeds of 
the three seasons, it was sign ificantly greater for stored seeds of autumn than that for stored 
eeds of \ inter and spring. The gern1ination of stored seeds was faster than that of fresh 
eeds b 45% for spring eeds, but by 1 1 7% for autumn seeds (F igure Vb). 
The interaction between time of seed maturation and maternal habitat was also s igni ficant 
( P<O.OO I ,  Table XV and XVI ) .  Whi le  there was no sign i ficant d i fference between the 
final germination of autu nm seeds that col lected from the three populations, seeds matured 
during both winter and spring attained s ign ificantly greater gern1i nation in  Fuj i ra than in 
the other two popUlations (Figure VIa) .  TIle lowest speed for germination was for seeds of 
pring matured at K hor Facan ( 1 1 .65)  and Sharj a  ( 1 2 .93 )  whi le the h ighest speed was for 
seeds col lected from F uj i ra and matured during autunm. Despite overa l l  rate of germination 
was greater in F uj i ra than in Sharja  and Khor Facan the d i fference was greater for seeds 
col lected in spring than for those col lected in winter. For example, the germ ination rate for 
seeds of  Fuj ira was greater than that for those of Sharja  by 1 4 .4% when matured in winter, 































F igure V :  E ffect  of time of seed maturation and seed storage on (A) final germination 
percentages and (B)  germination rate of Pros op is juliflora seeds. Dark = stored seeds, 
white = fresh seeds. 
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Figure \' 1 :  The i nteraction between the time of seed maturation and maternal habitat on (A) 
final germination percentage and (B) germination rate of Prosopis juliflora seeds. 
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The A OV howed also that the i nteraction between time of seed maturation and 
temperature of incubation on both germination rate and final germination was significant 
( P<O.O  1 .  Table XV and XVI ,  Figure Vl l ) .  Final germ ination and germ ination rate \-"ere 
lower at 1 5  ° than at 40 °C but the di fference was greater for seeds matured during winter 
than it for seeds matured at spring, indicating that seeds matured during winter gelminated 
greater at higher temperatures than seeds matured duri ng spring. The final gem1ination and 
germ ination rate at 40 °C were greater than that at ] 5 °c by 23% and 67%, respectively, for 
seed matured in spring, but by 50% and 98% for seed matured in winter (Figure VI lc) .  
The interactions between t ime of seed maturation, seed storage and temperature of 
incubation on both final germ ination and germ ination rate were significant ( P<O.OO I ,  
Tables XV and XVI and F igure V I l a  and b) .  Despi te fresh seeds of autumn and winter 
germ inated fa ter and to a h igher level at the higher temperature (40 °C)  than at both 25 °C 
and 1 5  °C, the germination of fresh seeds of spring did not d iffer s ign ificantly between the 
three temperatu res ( Figure V I la) .  
I t  i interesting to note that temperature requ irement during germ ination was sign ificantly 
reduced after seed storage. F resh seeds of autumn and winter requ i red h igh temperature for 
their germination ( i .e . ,  germ inated greater at 40 °C),  but stored seeds of  the same seasons 
did not d iffer sign ificantly in their germination in the three i ncubation temperatures. 
However, storage did not greatly improve the germination of summer seeds, compared to 
that of seeds of the other two seasons. For stored seeds, despi te l i tt le d ifference in 
germination percentages was observed between seeds of w inter and summer at the three 
incubation temperatures, germination rate was sign ificantly slower at 1 5 °C than at both 25  
°c and 40 °C ( Figure VIla and b) .  
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Figure VI I :  Effect of t i me of seed maturation. seed s torage and temperalure during 
genn l l1ation on fi n a l  gemli nat ion percenlages and gerlll l l1ar ion rate of ProsopiJ 
julijlora seeds. Dark = 1 5  De, w h i te = �5 DC and hatched = -w DC 
60 
The germination in l ight \ a greater than it i n  dark, so the d i fference depends on time 
of eed maturation and eed storage ( the interaction between these factors i s  ignificant. 
P<O.OO I ,  Table XV).  For fresh eeds, the germ ination wa greater in  l ight than in dark by 
62 .6% and 66.9% for eeds matured in autumn and winter, respect ively, but only by 25 .7% 
for seeds matured in spring (Figure V I I Ia) .  eed storage reduced the l ight requirement for 
seed germination espec ial ly for seed matured duri ng autumn and winter. The germ ination 
\\ a greater in l ight than it in dark by only 1 2%, and 28 . 1 % for stored seeds of autumn and 
\\ inter, re pectively ( Figure V I I Ib) .  General ly, there was no great d ifference between l ight 
and dark germination of both fresh and stored seeds matured during spring (Figure V I I I )  
The interaction o f  time of  seed maturation, seed storage and temperature and l ight of 
i ncubation on final germination of P. juliflora was also significant ( P<O .O I ,  Table XV).  
Fresh seeds of al l  the seasons germ inated greater at  40 °C than at  1 5  and 25  °c when the 
eeds incubated in l ight. In dark, seeds of autumn and winter germinated greater at 40 °C 
and 25  °c than at I S  0C, but seeds of spring germ inated greater at 1 5 °C than at 40 0c. The 
final germ inations of spring fresh seeds at 1 5 °C and 25 °c were 23 . 3% and 42 .2%, 
respectively, when seeds germinated in l ight, but were 26 .7% and 20%, when seeds 
germinated in dark ( Figure I Xa) .  I n  the stored seeds, the gelmination was greater for seeds 
of a l l  seasons at 40 °C than at 1 5  °c when seeds germinated in l ight, but the reverse was 
true for seeds of autumn and w inter when germination occurred in dark. For example,  the 
germination of stored seeds of winter was greater in  dark than in l ight by 26.4% at 1 5
°C,  
but  was greater in l ight than it  in dark by 1 02% at 40 °C ( Figure I Xb) .  These results 
i ndicate that fresh seeds of autumn and winter germinated better at both l ight and h igher 
temperature, but fresh seeds of spring germinated better at h igh temperature in l ight and at 
lower temperature in dark. Stored seeds of winter requ i re higher temperature and l ight to 
attain  great germination. 
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F igure V I I I : Effects of maternal habitat, seed storage and l ight during  germination on final 
germination percentages of Prosopisjuliflora seeds. Dark = dark incubation and 















> ,..., '--' 
Light Dark 
1 00, 1 00 
80 80 
� � . 
C 60 c 0 � 60 '" '" c c 
E 40 .� 40 (; C!I C) C) 
20 20 
0 0 
A W S A W S 
Collection season Collection season 
1 0 0 r  1 00 
80 r BO 
� � 
c 60 I- rI-
c 60 � � 
rf '" '" C c rf � 40 l- E 40 .. 
C!I C!I C) C) 
20 I- 20 
0 I I .1  J 0 I 
A W S A W S 
Collection season Col lection season 





c 60 c 60 0 � 
;; ;; c rt c ] 40 E 40 ,rt (; CJ C) C) 
20 20 r 
I I I  I I I 0 0 
A W S A W S 
Collection season Col lection season 
Figure I X :  Effect of time of seed maturation. seed storage. temperature  and l ight during 
germ i n ation on fin a l  germ ination percentages of Prosopis jlllifiora seeds. Dark = 1 5  




3 . 5 .3 . 3 .  Interact ions of maternal habi tat ith other factors 
The interaction bet\. een maternal habi tat and both temperature and l ight of i ncubation 
\\ ere in ign i ficant (>0.05)  on final germination (Table XV).  Also, the interaction bet\.veen 
maternal habi tat and temperature of incubation was insignificant on germ ination rate (Table 
X I ) . 
Th interaction between maternal habitat and seed storage on both final germination 
and germination rate wa sign i ficant indicating that dormancy lose of seeds depended on 
habitat type (Table  XV and XVI ) .  While there were no s ign ificant di fferences bet\.�een 
final germination and germi nation rate of fresh seeds of the three populations, final 
germination of stored seeds was significantly greater for seeds of Fuj i ra and Sharja than 
tho e of Khor Facan. The final germ ination of stored seeds was greater than that of fresh 
eeds by 87% and 90% in Fuj ira and Sharja, respect ively, but by 77.2% for seeds of Khor 
Facan, indicating that the dormancy loses was faster in the formers than in the latter habitat. 
Also, germi nation rate of stored seeds was signi ficantly greater in Fuj i ra (26.7) than the 
Khor Facan ( 1 8 . 5 1 )  and Sharj a  ( l 9 .48) .Germination rate of stored seeds was greater than 
that of fresh seeds by 1 03 . 7% and 77.4% in Fuj ira and Sharja,  respect ively, but by 67.3% 
for seeds of Khor Facan (Figure X) .  
3 . 5 .3 .4 .  I nteract ions of seed storage with other factors 
Seed storage affected the germination requirements to temperature and l ight during 
i ncubation of seeds, so the interaction between seed storage and l ight was not sign ificant on 
final germ ination (P>0.05,  Table XV). However, the effect of the interaction between 
storage and temperature of incubation on both fi nal germ ination and germi nation rate was 
significant ( P<O.OO l ,  Tables XV and XVI) .  
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Figure X: The interaction between seed storage and maternal habitat on (A) final 
germination percentage and (B) germination rate of Prosopis juliflora seeds. Dark = 
stored seeds, white = fresh seeds 
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There was no significant difference between fmal germination at the three incubation 
temperature for tored seeds, but germination at 40 ° was significantly greater than that 
at both 1 5  and 25 °C for fresh eeds. The germination of stored seeds was greater than that 
of fresh eeds by 142% and 1 06% for seeds germinated at 1 5  and 25 °C, respectively, but 
by only 4 1  % for seeds germinated at 40 °C. Germination increased from 1 9.6% for fresh 
eed to 48.7 for stored seeds at 1 5 °C, but from 38.3% to 54% at 40 °c ( Figure X IA). 
There was a ignificant difference between germination speed at 1 5  and 25 °C for fresh 
eeds, but not for stored seeds. Also, the germination speed of stored seeds was greater 
than that of fresh seeds by 1 1 5% for seeds genninated at 1 5 , but by onJy 49% for seeds 
genninated at 40 °C (Figure X IB ). This result indicates that fresh seeds germinated greater 
and fa ter at higher temperature, but germination of stored seeds is less sensitive to 
temperature of incubation. 
3.6. I nteraction effects of sal i n ity, tem peratu re a n d  l ight on germ i n a tion 
of the P. julijlora 
3.6. 1 .  Effects of light and temperature on non saline-treated seed 
Non saline treated seeds of P. juliflora stored for 1 8  months germinated well in a wide 
range of temperature and in both light and dark. Two way ANOV A showed significant 
effec�s for t�mperatllre (f 1 . l &  = l 2.5, f<O.OO l )  l:\.l1q th� inwraction petween l i�t and 
temperature ( F2. I 8  = 3.6, P<0.05) on the [mal germination percentage of non-saline treated 
seeds. The overall germination at 1 5 °C and 25 °C was significantly greater than it at 40 
dc. While there was no significant difference in [mal germination between in light 
germination between the three temperatures, dark germination at both 1 5 °C and 25 °C was 
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Figure X I :  The interaction between the seed storage and temperature of i nc ubation on (A) 
final  germ mation percentage and ( B )  germination rate of Prosopis Juliflora seeds. 
Dark = 1 5 °C, white = 25 °c and hatc hed = 40 °C 
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1 0, there was no sign i ficant difference between germination in l ight and dark at 
I S  ° and 2S °C, but germ ination \ as significantl greater in l ight than in dark at 40 °C 
(F igure X I I ) . One way A 0 A howed that the effect of temperature on germination rate 
was highly signi ficant (F2.9 = 76.3 P<O.OO I ) . Germination speed at 40°C, however, was 
igni ficantly fa ter than it at both 2SoC ( 3 S .4 )  and l SoC (34.6) (F igure X J l l ) .  
3.6.2 E ffect of l ight,  tem perature and sal i n i ty 
3 .6 .2 . 1 Effects on final germ ination 
Three-way A OVA showed sign ificant effects for l ight, temperature and sal inity 
on final germination of P. juliflora (Table XVI I ) .  Germ ination i n  l ight was significantly 
greater than i t  in dark. Seed germination decreased with the i ncrease in both NaCI 
concentrat ion and temperature. The optimal germination was at 2SoC and both l SoC and 
2SoC attained sign ificantly greater values than 40°C . Few seeds germ inated at 600 mM 
aCl .  A l l  the germ ination percentages at the d i fferent concentrations of NaCl d iffer 
significantl from each other; expect the germination percentages in 0 and 1 00 mM NaCI 
(F igure XII ) .  
The interaction effect  of temperature and NaCl concentration on final  germination 1S  
sign ificant ( P  < 0 .00 1 ,  Table XVI I ) .  The inhibitory effect of high sa l i nity on final 
germination was greater at 40°C than at 1 5°C and 2S°C. Despite there was no great 
d ifferences in flll a l  genn ination between 0 - 400 mM NaC) at l SoC or at 2SoC, the 
germination at 40°C was great ly reduced in 200 mM and completely inhib ited in 400mM 
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Figure X I I .  Effects of sal i n i ty and l ight and temperature of incubat ion on fi nal  germi nation 
percenrage of Prosopis jlllijlora. B lack bars = I S  °c \\ h l le bars = 25 °C and hatched 
bars = 40 °c Means w i th the same l e tter. \\ I lh i n  each a l i n i ty treatmenl.  are nol 
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Figure X I I I :  Effe t of ahmt) and temperature of i ncubation on germination rate of 
Pro opis jlllij7ora. B lack bars = 1 5 °C, white bars = 25 °c and hatched bars = 4-0 0c. 1ean \\ ith the ame l etter, within each sal inity treatment, are not s ign i ficantly 
differ from each ther.  
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Table . 1 1 :  Re u l t  of three-.. ay A 0 sho\ ing the effects of a l in i ty, l ight and 
temp rature of incubation and thei r  interactions on final germination percentage of 
Prosopls }uliflora. 
ource of vari ation df Mean- quare F-ratio P 
Temperature (T) 2 4 .237 502 .534 <0.00 1 
a 1 onc . ( ) 6 1 .977 234 .52 1 <0.00 1 
L ight (L)  0 .049 5 .836 <0.05 
T* 1 2  0 .237 28 .057  <0.00 1 
T*L 2 0 .052 6 .207 <0 .005 
* L  6 0 .0 1 2  1 .425 ns 
T* *L  1 2  0 .0 1 6  1 .904 <0.05 
E rror 1 26 0.008 
7 1  
The effect  of interaction between al in ity temperature and l ight on final 
germ inati n ,>\a ign i ficant ( P<O . O - ,  Table I I ) .  erminat ion in l ight did not di ffer 
igl1l ficantl} from that in dark in the di fferent concentration of a I at 1 5° and 25° . 
40 . ho\\ e\ er, germ ination in l ight v. a ignificantl} greater than in dark for eed treated 
w ith I \\ er a l i ni t ie (0 and 1 00 mM a I ) .  Germ ination in 0 and 1 00 mM a I increa ed 
from 4 % and 3 8 . 7% for eed incubated in dark to 68 .7% and 6 1 .2%, re pecl ivel} , for 
'ced i ncubated in l ight (F igur J I ) .  
igni ficant effect for the interaction between l ight and temperature \Va also 
ob erved on final germination of P. juliflora. Wherea no ignificant di fference was 
ob en ed betv" een final germ ination in l ight and dark at both 1 5°C and 25°  , the l ight 
germination \Va ignificant l) greater than dark germ ination at 40°C ( Figure X l ) .  
3 .6 .') .2 .  Effe t on  germination rate 
o A hO\ ed significant effect for both temperature and sal inity on 
germ ination rate of P. juliflora ( P<O.OO I ,  Table XVI I I ) .  Overa l l  germ ination rate at 25 °C 
(29.3)  \\ a ignificant l greater than it at 1 5 °C (24.7)  and 40 °C ( 1 7 .9) .  Al 0, genn inat ion 
\\ a ignificantl) 10\ er at 40 °C than at 1 5  0C . Overa l l  genn ination rates in 0 and 1 00 mM 
aC I (3 7 .6 and 39 . 1 ,  respecti ely) " ere s ign i ficantly greater than it at the higher 
concentrations of NaCI (F igure X I I I ) .  
The interaction effect of temperature and  NaCI concentration on  germination rate i s  
sign ificant (P  < 0 .00 1 ,  Table XVI I I ) .  Un l ike germination percentage, germ ination rate at 
40°C attained significantly greater values than at 1 5°C and 25°C for seed treated \\- i th 0 
and 1 00 m M  aCI .  The increase i n  NaCI t o  200 and 300 mM resulted in a sign ificant 
decrease in germ ination rate at 40°C compared to 1 5°C and 25°C. Germination peed at 
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Table X I l l :  Re u l t of two-way 0 ho\ i ng the effects of a l inity and temperature 
on germination rate of Pro opisJuliflora. 
ource df Mean- quare F-ratio P 
Temperature (T) 2 749.038 38 . 73 1 <0.00 1 
a 1 conc . 6 2276.96 1 1 1 7 . 736 <0.00 1 
T* 1 2  1 92 . 1 99 9 .93 8 <0.00 1 
Error 63 1 9 . 340 
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2 - 0 \\ a Ie affected b) al init) increa than at 1 5°C. For eed treated \\ i th 400 and 
500 m , germination rate at 25° \\ a ignificantl} greater than at 1 5° . ( F igure 1 1 1 ) 
3.7 E ffec t  of  do r m a n cy regu l a ti n g  c h e m ical  ( D R C )  on i n n a te a nd 
a l i n i ty i nduced dormancy of P. jlliijlora 
3 .7. 1 .  ffect of ORe concentration 
sho\' .. ed a highly igni ficant effect for aCI concentration ( P<O.OO I ), 
but n t for th concentration of any DR s or the interact ion between aCI and DR s 
ncentration ( P>0.05) on b th final gennination percentage and germ ination rate of P 
}Illiflora (Table X I X) .  ompari ons between d i fferent concentration of each D R  at  each 
a l in i ty I vel were evaluated by one " ay o A .  111i s  te t fol lowed by Tukey te t 
how d that lower concentrat ion of kinet in increa ed significantl seed germination at 500 
mM than the higher concentration (0 . 5  mM).  The germination \ a 62.5% for seeds treated 
\\ ith 0 .0 - kinet in,  compared to 42 .5% for seeds treated with 0 .5  m M  (F igure X I Va) .  ). The 
ame te t ho\ ed that the lowest concentration of thiourea ( 5  mM) enhanced s ignificantly 
germination percentage at 300 mM aC I ,  but the h igher concentrat ions ( 1 0  and I S  mM) 
enhanced the germination at  500 mM aC I ( F igure X I Vc) .  
One way A OVA showed also sign ificant effects on gem1 ination rate for the 
concentrat ions of kinetin at 300 and 500 mM aC I ,  concentrat ions of GA3 a t  400 and 500 
m M  a C I  and concentrations o f  thiourea a t  500 mM aCI  (F igure XV) .  At  higher sal in i t ie  
(300 and 500 mM aCI) ,  the germ ination rate of seeds treated \ ith lower concentrations of 
k inetin was ign ificantly greater than i t  for seeds treated with the h igher concentration 
74 
Table . L . Re ult  f n,VO 'Nay 0 howing the effect of the concentrations of a I 
and d i fferent dormancy regulating chemical ( DRC) on final germination percentage 
and germination rate of Pro opi juliflora. n = in ignificant at P = 0.05 . 
ource of Kinetin 
G 3 Thiourea 
VariatIon df 
F P F P F P 
Final  germi nation percentage 
one . 6 1 02 . 8  <0.00 1 26.04 <0.00 1 59.2 <0.00 1 
D R  onc . 2 1 . 74 n 0.64 ns 2 .32  s 
a I * DR 1 2  1 . 73 n 0.40 n 2 . 79 <0.0 1 
Germ i nation rate 
on . 6 88 . 1 1 <0.00 1 2 1 6 .4 1 <0.00 1 93 .6 <0.00 1 
D RC onc . 2 2 . 3 1 n 6.4 1 <0.0 1 3 . 1 0  s 
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Figure XV:  The effects of concentrations of dormancy regulat Ing chemlcJb (a :  k i ne l 1 n .  h 
gi bbere l l i c  aC id .  and : thiourea) and Na I on genni n:ltIon rate o\" Pro \ Oflll illti/low. 
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(F igure XVa). im i larly, the 1o. er concentration of GA3 (0 .3  mM) ign i fi anti} enhan ed 
the germination peed in 400 mM a I (F igure b) .  
ror thiourea. hO\\e er, the h igher concentration enhanced germ inat ion rate at 500 m 
a I (F igure . ). 
3.7 .2 .  Difference between d i ffere nt  DRC 
3 . 7 .2 . 1 .  Effe t on innate dorman y 
For non- al i ne treated eed , one \ ay A OVA showed that the final gennination did not 
d i ffer ign ifi  anti} bet\ een \\ater and the four ORC ( P>0.05). ind icating that none of 
the e omp und ucceeded to aile iate the innate dormancy of P. juliflora seed (Table 
,·X).  The arne te t fol lowed by Tukey test sho. ed that fusicoccin and thiourea enhanced 
the gem1 ination peed . hen compared to the control, GA3 and k inetin (Table XXI ) .  
3 . 7 .2 .2 .  Effe t on  a l in ity induced dormancy 
Becau e one concentration of fu icocc in  (FC) wa used and in order to have the arne 
number of repl icates in the four used DRCs the medium concentration of gibbere l l ic  ac id, 
k inetin and thiourea was used for compan on with Fe. Two way ANOV As howed 
ignificant effects for aCl concentrations and the i nteraction between aCl concentration 
and DR on final germination percentage of P. juliflora seeds ( P<0.05) .  Both aC I 
concentrations and ORC and their interaction had highly 
ignificant effect  on the germ ination rate (P<O.O I ,  Table X X I I ) .  Overa l l  final  germ inat ion 
and germination rate d id  not d iffer s ignificantly between 0, 1 00 and 200 mM NaCI .  For 
h igher a l in i t ies, the 0 era l l  germ inat ion decreased sign i ficant ly  from 72% and 70.2% at 
300 and 400 mM to 56.2% and 1 9% at 500 and 600 mM aCI ,  re pect i  e ly .  Final 
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Table XX :  E ffects of donnancy regu lating chemicals  and NaCI concentration on final gennination percentages (mean ± standard error) of Pmsopls 
j1/lijlora seeds .  Means fol lowed by di fferent upper-case letters within rows or by d ifferent lower-case letters Within columns are slgm ficantl 
d i fferent ( P<O.OS) .  
Donnancy NaCI conc.(  m M  ) 
regulator 0 1 00 200 300 400 SOO 600 
Control 8S .0±3 . SaA 77 .S±4. 8aAB 7S .0±3 . SaAB 78 .7±S . l aAB 76.2±6.2aAB S7 .S±3 .2aB 1 .2 ± 1 .2d 
Fusicoccin 83 .7±2.4aA 78 . 8±3 .8aAB 73 .8±2.4aAB 70.0±4 . l aAB 6S .0±S . 8aBC S2. S±3 .2aC 1 8 . 8±4.3bcD 
GA3 82.S±3.2aA 77.S±S .2aAB 83 .8±3 .8aA 77. S±3 .2aAB 73 . 8±2.4aAB 60.0±6. 1 aB 32 .S±4 .8Ac 
Kinetine 8S .0±2.0aA 82 .S±4. 8aA 7S .0±2.9aAB 70.0±3 .SaAB 72 . S±4. 8aAB S8 . 8±3 .7aB I S .0±2.0bc 
Thiourea 8S .0±2.9aA 77. S± I AaAB 8 1 . 3±4.3aA 63 . 8±3 . 1 aBC 63 . 8±S .2aBC S2. S±2 .SaC 27. S±3 .2abO 
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Table  X X I :  E ffects of donnancy regu lating chemicals and NaCI concentrations on genninattOn rate ( mean ± standard error) of ProsOfJ(�"JlIIiJ7()ra 
seeds. Means fol lowed by d i fferent upper-case letters within rows or by di fferent lower-case letters WIthin columns are sign i ficantly 
d i fferent ( P<0.05) .  
Donnancy NaCI conc . (  mM ) 
Regulator 0 1 00 200 300 400 500 600 
Water 3 5 .4 ± 0.2bAS 40. 1 ± 0.7aA 36.8 ± O.4aA S 34. 1 ± 1 .2abS 27.8 ± 1 .0abC 23.2 ± I . l abC D 7.5 ± 2.5bE 
Fusicoccm 38 .8  ± 0.6aA 4 1 .0 ± 1 .0aA 39.4 ± 0.6aA 32 .9 ± 0.8bS 25.7 ± 1 .0bC 20.7 ± I . l cDE 1 7.9 :!. 0.2a 
GA3 37.5 ± 0.8abS 42.3 ± 0.5aA 38 .8  ± 0.7aAS 3 5 .7 ± L I aS 3 1 . 1  ± 0.8aC 23 .5  ± 1 .2abDE 20.2 ± 0.7a" 
Kmetm 37.0 ± 0.7abA 38 .8  ± 1 .8aA 3 5 .3 ± 1 .6aA 34.2 ± 0.9bA 25 .2 ± 1 . 8bS 2 1 . 1  ± 0.9bcSC 1 9.0 ± 1 .6a 
Thiourea 38 .5  ± 0.8aA 38 .6 ± 1 .3aA 37.2 ± 1 . 1  AaA 36.9 ± 1 . 3abA 29.5 ± 1 .2abS 25.7 ± O.5aBC 2 1 .9 ± 1 . 5a 
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Table X ' I I .  E ffect of  d i fferent dormancy regulating chemicals ( D R  ) and a I 
concentration on final  germination percentage and germi nation rate of Pro opi 
j u l i Oora. n = in ign i ficant at P =0.05 . 
ource of variation df  M F-rat io P 
Final germination percentage 
DR 4 0.030 2 . 1 4  s 
aCI on. 6 1 . 522 1 09 .2 < 0.00 1 
DR * a I 24 0 .026 1 . 86 < 0.05 
rr r 1 05 0.0 1 4  
Germination rate 
DR 4 65 .05 1 2 .9 <0.00 1 
on. 6 1 486.6 295 . 7  <0.00 1 
D RC * aCI 24 23 . 54  4 .68 <0.00 1 
E rror 1 05 5 . 03 
8 1  
germ ination in 600 mM \.\ a igni ficantl) 100\ er than it in 500 mM and both of them \\ ere 
igni ficantl) lo\\ er than in 0 400 m a I .  The 0 cra l l  germination rate decrea ed from 
40. I for eed treated with 1 00 m a I to 27.9, 22 .8  and 1 7.3 for eed treated with 400, 
500, and 600 mM a I ,  re pect i el) (a l l  the alue d iffer ignificantl) from each other). 
ne \\ay o for each dormancy regUlating compound revealed ignificant 
d i fferen e bet\.\ een the d i fferent al inities ( P<O.OO I )  in final germ inat ion (F - 26.2, 26.0.  
1 3 .8 ,  24 .6, 27.3 for control ,  FC, G ) ,  k inetin, and thiourea, respectively) and in 
germ ination rate (F  = 1 4 .4, 1 3 .3 ,  90 .0 ,  33 .6, 34 .8  for control, FC, G ) ,  kinetin, and 
thl urea, re pectively). F inal germination and gemlination rate of non-treated (control) 
eed did not d iffer ign ifi antly between 0 - 400 mM a I .  Germ ination percentage and 
rate of non-treated eed \,ere reduced sign ificantly in 500 mM aC I  and a lmo  t inhibited 
in 600 mM aC I  (Table XX and XXI ) .  
Reduction in  germ ination percentage that recorded in 500  mM NaCI for non-treated 
eed \\ a not al leviated by the treatment with any of the ORCs, but the inhibition induced 
in 600 m M  aCI \Va part ial I a I le  iated by u ing the d i fferent ORC . A one \. a) A OVA 
of final germination for each a l inity treatment showed that the d i fferent DR s did not 
increa e ign ificantly final genn ination in 1 00 - 500 mM aC I ( P > 0 .05) ,  but significantly 
increased it ,  compared to non-treated seeds, in 600 mM aC I  (F  = 1 2 .3 ,  P < 0 .00 1 ) . A t  600 
m M  aCI ,  eeds treated with GA3 attained sign ificantly greater final germination (32 .5%) 
than tho e treated with kinetin ( 1 5 .0%) and both of them d id  not d i ffer from that treated 
w ith th iourea (27 .5%) and fusicoccin ( 1 8 . 8%) (Table XX) .  
A one way ANOV A of  germination rate for each sal in i ty treatment showed that there was 
no sign ificant d i fference between the d i fferent ORCs in germination speed at 1 00, 200 and 
300 mM aC I (P > 0 .05) .  Germination rate of non-sal ine treated seeds did not d i ffer 
significantl) from seeds treated with d i fferent ORCs in 0 - 500 mM aC t .  However, ome 
DR s enhanced germination rate than others at 400, 500 and 600 mM aC I (F = 4 .22, 3 . 83 
and 3 .0 I ,  for 400, 500 and 600 mM NaCI, respectively, P < 0.05, Table XXI ) .  FC and 
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kinetin attamed igmficantly l ower germmation than G 3 at 400 m aC t and than 
thiourea at �OO mM a 1 .  t 600 mM a I ,  G 3 ,  kinetin and thiourea ignificantly 
enhanced germination rate compared to control (Table XXI ) .  
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4.  D I  C U  1 0  
4. 1 .  ] mpact o f  i nv a  ive pecie o n  n a ti v e  fl o ra 
c\'eral tudie have shown that the ecological impact of in aSlve plant inc lude 
di, placement of indigenou pecie and decl ine in  pec ie richnes and diver ity (e.g. ,  
Kedzle- 'V ebb et a l .  200 1 ,  Prieur-Richard 2002, Le ica and M i le 200 I ) . 
The pre ent tudy howed a great depre ive effect of the in asive P. JlIliflora on the 
numb r, dcn ity and frequen y on the as ociated spe ies. Old and dense site of P. Juliflora 
atta incd ignificantly 10\ er den ity, frequency and d iversity for mo t associated annual 
'pe ie . I n  addition, a l l  of the community attributes were ignificantly lo\) er in  quadrats 
under the cro\\ n than out ide it. In a sim i lar study, o i l ier et a l .  (2002) found lower pec ies 
richne and abundance in plot placed below crowns of LOll icera maackii than in p lot 
p laced a\ ay from it .  pecies richnes under the crowns was lowered by 53% and plant 
o\ er decrea ed b} 63% when compared to out ide the crown. Moreover, most indiv idual 
taxa had lower abundance below L. lIlaackii crown (Coll ier et al . 2002) .  
The pre ent  tudy indicated that the native Prosopis cilleraria supported more ground 
vegetation in terms of frequency and density than the exotic P. jllliflora. im i larly, in a 
semiarid zone in  Haryana, I ndia, the indigenous Dalbergia sissoo enhanced the growth of 
the ground vegetation compared to exotic Eucalyptus tereficornis and P. juliflora (Jalota 
and Kohl i  1 996) . In another study, Ja lota et a l .  (2000) indicated that only t\ 0 species 
domi nated P. juliflora plantations (DactyloctelliulIl aegyptium and Dic/Wlltlzilllll 
allllulallllll), but 2 5  d i fferent species were found in the indigenous Dalbergia SISSOO 
plantations. S imi larly, the growing of the exotic Eucalyptus and P. juliflora shrub in the 
forests of the UAE has resulted in sign ificant reductions in species diversities and 
abundance of understory species, compared to the native P. cineraria and Acacia arabica 
( EI -Keblaw), 2003 ) .  
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The uperiority of exotic peC le 0 er native peCle ha been attributed to the great 
c mpet l t l've abi l it ie of In\'a ive plants i n  their  introduced range and con equently they are 
often more vigorou than nat i\e plants ( iemann and Roger 200 I ) . Grotkopp et a t .  (2002) 
h wed that eed l ing relative grO\ th rate and mea ure of in a ivene were po it ively 
a 0 iated acro 29 pine pec ies. The greater gro\\ th rate and reproducti e effort that 
characterize P. }Zlliflora i nd ividual could  be behind the greater invasive abi l i ty of thi 
pecie  . The mai ler individual of P. }uliflora doubled their s ize within one year of the 
pre ent tudy (E I -Keblawy, unpubl ished data). In addition, the i ndividual produce 
reproductive tructure a l l  0 er the year, with a peak during spring ha the h ighe t frui t  et. 
The depre ive effect of orne exotic species on the associated flora has been attributed 
to a l le lopathy, which i an interference mechanism by which plants release chemical that 
affe t other plants (Ward le et a t .  1 998, Brewer 2002) .  For example, the release of ome 
organi compounds from the dead vegetation and l itter of Hex glabra inhibited seedl ing 
emergence in the southea tern United States (Brewer 2002) .  In  add ition, Ward le et a t .  
( 1 998) ind icated that the econdary metabol ites released from Cardulis 1I1Italls (nodding 
thi tie) i n  ew Zealand pa  ture and Elllpetrlll1l herlllaphroditlllJ1 (crowberry) in wedi h 
boreal fore ts a l ter both structure of the plant community and ecosystem propert ies. This 
could be the case in P. }lIliflora as great amounts of l i tters were observed under the canopy 
of the shrubs. A water-soluble extract from d ifferent parts of P. }uliflora, including l i tter, 
had resulted in the i nhibition of seed germination of many species. For example, aqueous 
extract from under canopy oil and from d ifferent parts of Prosopis }uliflora inhibited 
germination and early seed l ing growth of various cult ivars of Zea mays. Triticum aestivulII 
and Albizia lebbeck oor et at .  1 995)  In add it ion, AI-Humaid and Warrag ( 1 998) 
concluded that that P. }uliflora leaves contain water-sol uble aUelopathins which cou ld  
inhibit  seed germi nation and  retard rate of germination and seedl ing growth in Cynodon 
dactylon. I n  pot stu d ies of the a l lelopathic  effects of leaf l itter of P. }uliflora, Chellamuthu 
et a t .  ( 1 997) indicated that germ inat ion of  black gram ( Vigna l1lungo), sorghum (Sorghum 
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The uperiority of exotic peCle over nati e spec ie ha been attributed to the great 
competi tive abi l i tie of i nva i e plants i n  their introduced range and can equently they are 
often more igorou than native plant ( iemann and Roger 200 1 ) . Grotkopp et a l .  (2002) 
showed that eedl ing relati e growth rate and measure of in  asiveness \ ere po i t ively 
a oc iated across 29 pine pec ies. The greater growth rate and reproductive efforts that 
characterize P. juliflora individuals could be behind the greater invasive abi l i ty of thi 
pecie . The mai ler individuals of P. juliflora doubled their sizes within one year of the 
present tudy (E I -Keblawy, unpub l ished data). I n  addition, the individuals produce 
reproductive structures a l l  over the year, with a peak during spring has the highest frui t  set. 
The depressive effect of orne exotic species on the associated flora has been attributed 
to a l lelopathy, which i an interference mechanism by which plants release chemicals that 
affe t other plants (Ward le et a l .  1 998, Brewer 2002) .  For example, the release of some 
organic compounds from the dead vegetation and l itter of Hex glabra inhib ited seedl ing 
emergence i n  the southeastern United States (Brewer 2002) .  In addit ion, Ward le et a l .  
( 1 998) ind icated that the secondary metabol ites released from Carduus nutans (nodding 
thistle) i n  ew Zealand pastures and Empetrum hennaphroditwn (crowberry) in  Swedish 
boreal forests al ter both structure of the plant community and ecosystem properties. This  
could  be the case in P. juliflora as  great amounts of l i tters were observed under the canopy 
of the shrubs. A water-sol uble extract from d ifferent parts of P. juliflora, i nc luding l i tter, 
had resulted i n  the inhibit ion of seed germination of many species. For example, aqueous 
extracts from under canopy soil and from d ifferent parts of Prosopis juliflora inhibited 
germi nation and ear ly seed l ing growth of various cult ivars of Zea mays, Triticum aestivum 
and Albizia lebbeck (Noar et a l .  1 995)  In addit ion, AI-Humaid and Warrag ( 1 998) 
concl uded that that P. juliflora leaves conta in water-soluble aUelopathins which could 
inhib i t  seed germination and retard rate of germi nation and seedl ing growth in Cynodo71 
dactyloll . I n  pot studies of the a l le lopathic effects of leaf l itter of P. juliflora, Chellamuthu 
et al. ( 1 997) indicated that germ ination of black gram ( Vigna mungo) sorghum (Sorghum 
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bl 0101') and P Julijlora wa ignificantly reduced with the maximum reduction occurring 
at 2°10 incorporation of P Juliflora leaf l i tter. everal tudie howed al 0 that leaf extract 
of P. juliflora inhibIted m cel ial growth and pore germination of everal pathogenic fungi 
inc luding Prrlcularia oryzae, that cau e bla t di ea e in rice (Jaya hree et al. :WOO. 
Karnala,",annan et al . 200 I ) , ColletotrichulII cap ici and Gloeo poriulII pipera/lim infecting 
apSIClllJl al/I/Ulll (Gomathi and Kannabiran 2000). hellarnuthu et al. ( 1 997) uggested 
that the a l l  pathic effect of P. julijlora leaf l itter i due to the pre ence of orne phenolic 
c mpound . akano et a l .  (200 I )  ugge ted that L-tryptophan may play an important role 
in  the a l le l  pathy of P. ju/iflora lea es. L-Tryptophan inhibited the radicle growth of 
lettuce and barnyard gra (E hillochloa crus-gal/i) at concentrat ion greater than 1 . 5 x 1 0.3 
mM The c ntent of L-tryptophan in  the exudates of freeze-dried me qu ite leave ( I  mg 
eq . )  \\ a e timated to be 4 . 8  x 1 0-3 mM ( akano et a l .  200 I ) . 
Warrag ( 1 994 and 1 995)  conc luded that P. juliflora pericarp and leaves conta in  water-
oluble a l lelopathin which i nhibit  germination and seedl i ng growth of the same pecies. In  
the pre ent  tudy, howe er, s ign ificant proportions of P. juliflora seedl ings were recorded 
under the crown of the same pecies. This indicates that at least orne of the great number 
of the eed of thi species that were recorded under its crown could tolerate these 
a l lelopathic  ubstances and germinate. The abi l i ty of seedl ings of thi species to grow 
under their canopies i ncrea es the future i nvasive abi l i ty of P. juliflora i n  new habitat . 
ctual ly, more than 25% of the popu lations of P. juliflora are seedl ings with less than one 
year old, i ndicating that the popu lations of this pecies are rapidly growing. 
The a l lelopathic effects of P. juliflora could  explain the greater reduction 111 the 
number and abundance of the assoc iated species in the older and denser population i n  
harja, where great amount of leaf l i tters were observed u nder the crowns. Only one 
species was recorded u nder the canopies of larger individuals compared to 8 spec ie at both 
the margins and outsides the canopies of the less dense sites in Ras AI-Khima. The h igher 
87 
den ity and larger lze are ahvay a ociated with greater accumulation of letter under 
their crown. 
In ari d  and eml-arid en i ronment . where plant cover i care and patchy, there i 
ften a con 'plCUOU concentration of vegetation around and under hrub and hrub 
forming aI led H i  land of fert i l ity" (Garner and teinberger 1 989. Pugnaire et a!. 1 996). 
hrub and tree may cau e an accumulation of mineral nutrient and water, lead ing to a 
10 al increa e in oi l  ferti l it} ( Pugnai re et a ! . ,  1 996) whi le  protecting the understor} pec ie 
aga in t high irradiance and temperature (Vetaa 1 992) .  In the present tudy, however, the 
under tOr} \ egetati n was igni ficantly inhibited under canopie of P. julijlora, de pite i ts 
amel i rat ing effect on mo t of oi l  ariables. This  further supports the hypothesi of the 
a J Je lopathic inhibition effect of P. julijlora. 
4.2.  E ffect of  i te of  o r i g i n ,  time of seed m a tu ration,  a n d  seed storage on 
eed germi n ation 
Temporal and spatial heterogeneity in  natural environment tend to enhance the 
lecti e advantage of mU lt iple trategie (Venable et al  1 995) .  eed heteromorphi m,  
which i the production by individual p lants of seeds that d iffer in  morphology, dormancy, 
and germination requirements i s  a strategy described fairly commonly in  species that 
inhabit unpredictable and harsh environments, such as frequently d isturbed habitats 
(Harper 1 977) and arid and em iarid environments (Venable and Lawlor 1 980, El lner and 
hm ida 1 984).  The result of the present study showed that the germ ination percentage, 
germi nation speed and germination requ i rement of P. julijlora differ significantly between 
maternal habitats and time of seed col lection. This heteroblasty ensures that even under 
opt imal conditions only a portion of the seeds wi l l  germi nate at one time, which i s  
part icularly important for spec ies survival i n  arid environments that characterized by 
spat ial  and temporal unpred ictabi l ity in ra infa l ls (see a lso Gutterman 1 99 1 ) . 
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The prevai l ing environment factor during eed maturation have been hown to affe t 
eed dormancy and germinabil it> of e eral pec ie (Roach and v u l ff 1 987) .  In e \ eral 
pecie , eed col lected at di fferent t Imes during a ingle growing ea on at the arne i te 
d i ffer in the Ir  germ ination (Gutterman 1 992 b, 1 994 a, Ba kin and Sa kin 1 995) .  In P 
julij7oru, eed matured during autumn atta ined ign ificantly greater final germination and 
germ i nati n peed than tho e matured duri ng \\ inter and pring. s imi lar re ult  had been 
d cumented fi r th co mopol i tan annual Portulaca oleracea a germination of eeds 
matured in the U duri ng autumn was igni ficantly greater than that of seed matured 
during ei ther \\ inter or ummer (E I-Keb1awy and A I-Ansari 2000). I 10we er, eed of 
Eruca l'esicaria col lected in ummel' attained a higher germ ination (78-96%) than seed 
col lected in autumn (2 1 -29%) ( Pita V i l lam i l  et a l .  2002) .  eed dormancy of Artemisia 
tridell tala \\ a greater in popu lat ion from cold winter habitats (Meyer and Mon en 1 99 1 ) . 
The mo t i mportant factor that affect maternal plant during the growing sea on were 
ugge ted to be temperature , rainfal l ,  and day length (Fenner 1 992, Sa kin and Baskin 
1 998) .  General ly eed produced at higher temperatures have higher germ ination 
percentage and/or rates ( i . e .  lower dormancy) than those produced at lower temperatures 
and longer days. Thi has been documented under field conditions in some specie such a 
La tllca sativa ( Harrington and Thompson 1 952), Artemisia rhodantha (Nosova 1 98 1 ), 
Portulaca oleracea ( EI -Keblawy and AI-Ansari 2000), and PnlllllS aV/lIm (len en and 
Erik en, 200 I )  as well a under experimental conditions in other species includ ing 
Aegilops kotschyi ( Wurzburger and Kol ler 1 976), Dactylis glomerata (Probert et al . 
1 985b) ,  and Plalltago lallceolata (A lexander and Wu lff 1 985) .  Exposure of maternal plants 
to short days during seed development and maturation has resul ted also in the decrease in  
the germi nation percentage i n  Aegilops ketsclzyi (Wurzburger and Kol ler 1 976), 
Chellopodilllll album (Karssen 1 970), C. polysperlllum ( Pourrat and Jacques 1 975), 
Portulaca oleracea (Gutterman 1 974, (E I -Keblawy and AI-Ansari 2000). The higher 
germination i n  P. juliflora for seeds matured i n  autumn, compared to those matured in  
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\\ inter and pnng, could be e plained i n  the l ight of the horter day preyai l ing dunng 
autumn, rather than high temperature . E l-Kebla\ and 1- n ari (2000) al 0 interpreted 
the greater gennmatlon of autumn eed of P olerac a to horter day length .  utumn in 
the E ha the horte t day al lo\ er the year, but it temperature i t i l l  much lower than 
that of pring. 
Maternal repr ducti e phenology could al 0 infl uence gennination behaviour of 
produced eed due to ea nal change . Maternal re ource tatu typical ly change over 
the cour e of the flowering ea on. The re ources all cated to early frui ts are greater than 
that to tho e developed and matured at the end of the eason (Grzesik et a l .  1 998, Val l iu 
:WOO, Gal loway 2002). Typica l l  , the maternal re ources are div ided among an increa ing 
number of reproductive structures a the reproductive season progres es and a a result 
eed chemi try and provi ioning could also change ( avers and teel 1 984).  uch sea onal 
change in the phenology of maternal p lants have influenced the seasonal change in seed 
gern1ination. I n  Campal/ lila americana, for example, early sea on flowers produced seeds 
gern1inated greater than eed produced by late ea on flower (Ga l l o\\ay 2002) .  im i larJ) , 
eed� of T'erbel/a Izybrida matured at the beginning of October genninated better than tho e 
han e ted later in the sea on (Grze ik et a l .  1 998) .  I n  P. juliflora, the flowering eason in 
the three i te  extend from October unti l  May, with a vegetative stage in the rest of the 
year. Con equently, a l location of maternal resources to early season eeds developed in 
autumn would  be greater than those developed in autumn and winter. Carbohydrate 
content, for example, was h igher in Verbena hybrida seeds matured early in the eason and 
wa 10\ in the seeds col lected later (Grzesik et a l .  1 998) .  Th is indicates that the greater 
gennination in P. juliflora seeds matured duri ng autu m n  would  be due to d ifference in their 
provisioning and chemistry and to the difference in external conditions under which they 
matured, e pecial ly the shorter day lengths .  
Wi th in  a species or population, seeds can have d ifferent requirements for dorn1ancy 
breakage and therefore may vary i n  response to the same seasonal cues (Baskin and Baskin 
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1 99 ) ariation in ea onal dormancy In the ame populat ion ha been ob en ed in e\ eral 
pe Ie (e .g. ,  ey er et a l .  1 989, rvteyer 1 992, Kal i  z and \: ardle 1 994, EI-Keblawy and . 1_  
'\n ari 2000). In  Pro opts julijlora, l ight and temperature requirement during germination 
\ aned dependmg on the time of eed maturation. Fre h eed of P. julljlora matured during 
autumn and \\ inter germinated ignificantly greater in both l ight and higher temperature, 
but tho e matured during pring required higher temperature at l ight and lower temperature 
at dark tored eed of " inter require higher temperature and l ight to atta in high 
gcrminati n (F igure IX ) .  imi larly, winter-matured eeds of Cheiridop is allrea 
genn inated igni ficantl) greater at high temperature (35 °C) and conti nuou l ight than 
ummer-matured eed (Gutterman 1 99 1 ) . Day length variation cau ed change in the 
development of the eed coat and it urface tructure in the de ert annual Gllollis sicula. 
u h change modified the permeabi l ity of the eed coat, fungal re istance of the eed coat, 
eed longe\ it) and tim ing of germination (Gutterman 1 992). 
Ba kin and Baskin ( 1 998) have shown in many plant pec ie that sea onal variat ion in 
gemlination requirement may trongly influence fitness by delaying germination unti l 
condition are appropriate for growth. I n  addition, uch variation provides multiple 
opportunitie for eed recruitment in  the unpredictable arid environments that characterize 
the habitat of P. julijlora in the UAE (e .g . ,  Venable and Lawlor 1 980) .  
Evolution of seed dormancy has been hypo the ized to be an adaptation for survival 
during a eason when environmental conditions are unfavourable for seedl i ng 
e tab l i  hment and to play a role in the t iming of germination and hence in maximizing 
plant fitne ( Baskin and Baskin, 1 998) .  The greater germ inat ion of fresh eed of autumn 
coul d  be an adaptation to the local environment of the UAE.  The highest rainfal l  in the 
AE is  typical ly  occurring during autumn and winter (Table I). Synchronization of 
eed l ing emergence and effective rainfal l  wou ld  secure seedl ing recru i tment and survival . 
Results of the present study showed that seed storage reduced the l ight and temperature 
requirement for seed germination especia l ly for seed matured during autumn and winter. 
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t rage did not greatly improve the germinatIon of ummer eed , compared to that of 
eed of the other t\\ O ea on imi larly, d ifference in eed dormancy that are e\'ident in 
recently harve ted eed of downy brome largely d i  appeared during storage ( l ien and 
Meyer 2002) .  . eed of AbulIlolI theophra I I  10 t mo  t of i t  phy ical dormancy 
during t rage and the 100 e was more rapid for early than for late maturing eed ( ardina 
and parro\\ 1 997). Thi ugg t that eed dorman y in P. juliflora function largely to 
regulate germinati n t iming, particu larly for eed matured in autumn and winter. 
For a wide range of l i fe cycle type , i t  ha been documented that dormancy and 
germi nation requirement vary greatly for eeds col lected from di fferent location . 
Depending on the pecie , germination re pon e varied with latitude, alt itude, oi l  
moi ture, oil nutrient, temp rature, type and den i ty of plant cover and degree of habitat 
di turban of site \\ here the seed matured (Beck tead et al 1 996, EI-Keblawy et al 1 996, 
Kri han and Tok 1 996, Meyer and A l len 1 999a, b, Lei 1 997, Zhang and Hami l l  1 997, 
nder on and Mi lberg 1 998, A l len 1 998, Andalo et af. 1 998,  chutz 1 999, Xu et al  2000, 
Hamze and Jol l  2000, Ju l l  and Blazich 2000, EI-Keblawy and AI-An ari 2000). The 
pre ent study showed that seeds from Fuj i ra attained significantly greater and faster 
gem1ination than those matured under the environment of harja and Khor Facan. This 
could be interpreted mainly to the amount of water recei ed i n  the three ites, as there were 
no sign ificant d i fferences between the three i tes in the average temperature and day 
lengths. The amount of rainfal l  received by Fuj i ra was significantly greater than that 
rece ived by both harja and Khor Facan. Fuj i ra s i te is surrounded by a series of mountains 
and con equently receives extra amount of water by runoff. 
The abi l i ty of P. juliflora to germi nate under a wide range of temperature and both 
l ight and dark cou ld  be among the reasons behind the i nvasion of this species to several 
countries in the tropical and subtropical regions of the world .  eeds of this spec ies could 
germ inate at cold ( l S°C) as well  as hot (40°C) temperatures ind icating their abil ity to 
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germinate during ummer and winter and in  di fferent region of the world. Thl implie 
that P jtdiflora cou ld germinate In cold region of the world given an opportunity to adapt 
Light i one of the mo t important regulatory en ironmental s ignal that interact \\ ith 
temperature to regulate eed germination in many plant pec ie (Ba kin and Ba kin. 1 998) .  
The l ight requirement for germination may vary with temperature. The result of the 
pre 'ent tudy indicated that there i no d ifference between l ight and dark germ ination of P 
}uliflora at 1 5 °C and 25  ° . At the higher temperature (40 °C). ho\ ever. l ight germ ination 
\\a ign ificantly greater than dark germination (Figure X I I ) .  s imi lar re ult  was reported 
� r the mopol itan annual Portulaca oleracea gro\ n in the AE ( EI -Keblawy and AI-
n ar i ,  2000). Thi  r u lt ha e ological s ignificance a day length during ummer i hot 
and long in the ubtropical region , where P. }uliflora i invading several habitat . 
on equently, eed reqU I re not only h igh temperature but a lso l ight during their 
germination after ummer rai nfa l l  . I n  the other seasons, howe er, the temperature range 
bet\\ een 1 5  and 25 °C and no great d ifference between night and day lengths. As a result, 
eed of P }uliflora could  germinate i n  autumn, w inter and spring i n  l ight as wel l  as i n  dark 
at 1 5 °C and 25 0c, \ hich are the a erage range of temperature in these easons in the 
ubtropical countrie (E I -Keblawy and AI-Ansari, 2000) 
The pre ent study howed that the optimal germi nation for non sali ne treated seeds of 
P. }uliflora is present at 25 °C and continuous l ight. The other non gem1inated seeds did not 
even imbibe water and seem to have a physical dormancy. everal studie have shown that 
P. }uliflora has a physical  dormancy (e .g. ,  Scifres and Brock, 1 969' I smai l ,  1 98 3 :  
Pasiecznik  e t  aI . ,  1 998) .  This dormancy was broken by seed treatment \ ith ulphuric ac id 
(e.g . ,  Ismai l ,  1 98 3 ;  Pasieczn ik et a I . ,  1 998), pass ing through d igest ive track of animal and 
by treatment with boi l i ng water ( Pasieczn ik et a I . ,  1 998) .  The physical dormancy enabled 
the seeds of P. }uliflora var. velutina to pers ist al ive after 1 0  years of burial in the onoran 
Desert in j ars of moi t soi l (Tschirley and Mart in, 1 960). 0, some seeds of P. }uliflora do 
not germinate even \ hen the optimal germination conditions are a a i lable.  These eeds 
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ecure the e I tence of a eed bank that could help 10 preading germi nation i n  the longer 
term. 
4.3 I n teraction effect of a l i n i ty,  te m perature a nd l i g h t  on germ i n ation 
In  the de ert habitat , the favourable condition for germination are u ually 
unpredictable over pace and time. The germination i more l ike ly to occur at a time that 
\\ i l l  fa\ our eed l ing ur i al (Grappin, et a l .  2000). eed dormancy that occur in  plant 
b'Towmg m a l ine habitats of ubtropical desert i regulated by sal in i ty and temperature. 
Thi'  domlancy reduce the r i  k of eed l ing morta l ity when the moisture is l im ited and 
'al in i ty i ncrea ed during ummer. For example, in the annual desert Zygophyllllm simplex 
germination could occur only when temperature and al in i ty are reduced and th is could 
happen ei ther duri ng w inter or after monsoon rain  (Khan and Ungar, 1 997a). In  add it ion, 
germination wa greatly reduced in everal perennial halophytes at higher temperatures and 
a l in it ie ( Dele a i le and Blum, 1 994; De V i l l iers, et a ! .  1 994, Khan and Ungar, 1 998;  
iazzi et a I . ,  2002;  Khan et a I . ,  2002) .  The present study howed that the inhibitory effect 
of h igh a l in i t) \\ a greater at 40°C than at 1 5 °C and 25  °C in the perennial  hrubby P. 
jll/iflora. Fe\'" seeds germ inated in 300 m M  NaCI and no germ ination occurred in 400 mM 
aC I a t  40 °C (F igure XII ). This was  attributed to  i rreversible damage caused by toxici ty 
of aC I (Khan and U ngar, 1 996; Aiazzi et  a I . ,  2002) .  The inhibitory effect of a l in i ty at  
h igher temperatures has ecological  s ignificance because it  prevents seeds from germination 
in alt affected habitats and consequently avoids seed l i ng morta l i ty in summer, when 
urface soil sal i nities are extremely high (see Khan and U ngar 1 996). 
On the other hand, about 5 7% of the non-sal i ne treated seeds of P. jllliflora were 
germ inating at 40°C, indicating that temperature in the non sal ine habitats is not a l imiting 
fac tor if moisture i s  avai lable. So, some eedl ings could be establ i  hed after summer 
rainfal ls  that a lways occur in the tropical and subtropical environments, where P. juliflora 
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grov,: natura l ly .  I n  the arid de ert urface layer of the o i l  often dl) out quickl) due to 
\'v'ater e\ aporation or rapid penetration and \"" ater i tored below the oi l  urface where a 
con tderable am unt may remain avai lable to plant ( ngar, 1 995) .  The fa t germination 
peed recorded for P Juliflora at 40 0 ( Figure I I I )  might enhance eedl ing emergence 
hortly a fter ummer germination. on equently seedl ing root wou ld grow \", hen the 
'urface l ayer of the oil i t i l l  wet. Thi could ecure seedl ing urvi al through the fa t 
growth of root that enable them to reach a moi t l ayer of soi l  . AI 0, two ucces ive 
ummer rainfal l w uld help  in  recruitment of new individual during ummer. 
L ight and al in i ty have interacted to determine germination in some halophyte . For 
e .... ample, the i ncrea e i n  aCl concentration progre sively inhibi ted eed germination in 
Allcllrolfca occidelltali , and th is  inhibit ion was greater in  the dark than in l ight (Gul and 
\\ eber, 1 999). imi larl), germ ination wa inhibited in four de ert shrubby and a forb 
"pecie with an i ncrea e in a l in i ty, and thi inhibit ion was more sub tantial in  dark than in 
l ight ( Khan and Ungar, 1 997b). A l so, both dark and high sa l in i ty also inhibited germ ination 
of Lill/Oll iUIII stocksii (Zia and Khan 2002) .  The interaction effect of sa l inity and l ight on 
genni nation of P juliflora wa not ign ificant (Table X V I I ), indicating that the effect of 
sa l in i ty doe not depend on l ight conditions in  thi s  specie . 
4.4 Effects of dormancy regulating chemi cals on i n n ate and sal i n i ty 
induced dormancy 
Sal i ne habitats experience seasonal fl uctuation i n  moisture and soi l  sal inity. urface 
salt marsh soi l s  tend to ha e h igher soi l  salin i ty and more negative water potentia ls  in 
summer. An i ncrease in sal in i ty stress i nduces both a reduction in gem1ination level and 
peed and could cause complete i nhibit ion of the germination process at sal i nities beyond 
the tolerance l imit of the species ( Ungar 1 987) .  1n P. juliflora, germination percentage and 
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peed decrea ed with al inity increa e and no germination occurred for non-treated eed 
in 600 m 1 
ermtnation of de ert p lant is u ual ly prevented by adverse c l imatic condition , 
uch a drought and/or high temperature, or by eed dormancy mechani m ( K igel 1 99 � ) . 
eed f Prosopls Juhjlora howed ome dormancy, even when germinated under 
favourable condition (Table XX). erm ination of P. julijlora seed in di  t i l led \ ater 
c ntrol wa not affected by any of the germination promoting ub tance (GA), k inetin, 
thIOurea and fu i 0 c in), indicating that the innate dormancy of the pec ie \ ould not 
broken by the e ub tanee . The only effect wa the i ncrea e in the germination peed by 
the appli ation of fu ieoc in and thiourea (Table XXI ) .  Khan and Ungar ( \ 997c) reported 
that G 3 and Kinetin were very effecti e i n  al leviating i nnate a wel l  as sal in i ty-induced 
dormancy in ZygophyllulIl silllplex eed . Fusicoccin fai led to stimulate germ ination, 
wherea thiourea part ial ly a l leviated the innate dormancy in Atriplex griffithii seeds ( Khan 
and ngar 2000). In  Sporobolus arabicus, innate primary dormancy wa not broken by 
GA) Kinetin,  but part ia l ly by fusicoccin, and th iourea ( Khan and Ungar 200 I c) .  
Kinetin and G ) part ia l ly alleviated the germination inh ibition at higher salin ity (600 
m M  aCI) i n  P. jlllijlora. GA3 and k inetin ignificantly a i le  iated the sal inity-induced 
germination inhibi t ion in Brassica campestris (Ozturk et a l .  1 993), A trip lex griffithii (Khan 
and R iz i 1 994), Z.vgoph)'llu/Il simple.x (Khan and Ungar 1 997e), Cajanll cajan (Verma 
and rivasta a 1 998),  Arthrocllemul1l indicum ( Khan et al. 1 998), Halopynlm 1Il1iCrollatulll 
( Khan and Ungar 200 I a), A trip lex halimus ( Oebez et a l .  200 I ). Arthrocnemum 
macrostachyum (Khan and Gul 2002), Salicomia rubra (Khan et a l .  2002) .  There \ a a 
partial al leviat ion i n  sal i nity i nduced dormancy by kinetin i n  Triglochill maritima (Khan 
and Ungar 200 1 b) and by GA3 in  Salicomia pacifica ( Khan and Weber 1 986) .  Ho\ ever, 
there was no effect on the sal in ity induced dormancy by k inetin in Salicornia pacifica 
( Khan and Weber 1 986), Zygophyllum qatarense ( I smai l  1 990), Sporobolus arabiclls 
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(Khan and ngar 200 I c)  or by G 3 In Trigloehlll mariflllla ( Khan and ngar 200 I b), 
LrgophyllLl1l1 qalarellse ( l  mail 1 990), 'fJorobolLls arabieLls ( Khan and -ngar 200 I ). 
Grov, th regulator induced the maximum increa e In germination of chickpea eed 
under alt tre through the increa e In the amyla e activity of the cotyledon ( a tty and 
hd.hawat 200 I ) . The increa e in eed germ ination under alt- tre ed condition , after 
c. ogenou application of G 3 and kinetin, " as a l  0 attributed to the abi l i ty of the growth 
regu lator to reduce the moi ture requirement or to enhance water uptake during 
genn ination and earl eedl ing gro\ th ( Kaur et a l .  1 998) .  In add ition, kinet in improved the 
bio ynthe i of ethylene \ hich enhance germination in eeds of everal pecie exposed to 
"alt and temp rature tres e ( Khan and Andreol i  1 993,  Li  et al .  1 995) .  G 3 had 
ignificantly greater effect than kinetin in al leviating the sal in i ty induced dom1ancy in P. 
jul£flora. imi lar result wa al 0 reported in other pecies such as Brasiea ealllpeslris 
(Ozturk et a l .  1 993) ,  Cicer ariefillUIIl ( Kaur et a l .  1 998)  and Arthroelle1l1um illdicLl1l1 ( Khan 
et a l .  1 998) .  
Thiourea partia l ly al leviated the germination inhibition at higher sal inity i n  P. 
jllliflora. Thiourea ign ificantly a l lev iated the sal in i ty-induced dormancy in winter seeds of 
Halopyrum mucrOlla/1I11l ( Khan and ngar 200 I a), in Sporobolus arabicus ( Khan and 
ngar 200 I c) ,  but partial l) a l leviated it in Trigloehill maritima ( Khan and Ungar 200 I b) .  
itrogenou compounds are known to promote germination by acidification and softening 
of cell  wal l s  or b) activat ing the pento e pho phate pathway (Esashi et al .  1 979, Bewley 
and Black 1 994). 
The germination inhibition at higher sal inity in P. jul£flora was also a l leviated 
part ia l ly by fusicoccin .  Simi lar resul ts were recorded in Trigloellill maritima ( Khan and 
ngar 100 1 b) .  Fusicocc in sign ificantly al leviated the sal in ity-induced germination 
inhibition in Sporobolus arabicus ( Khan and Ungar 200 I c), Zygophyllwll qatarellse 
( I smai l  1 990), but had no effect at higher sal in i ty in al icomia rubra ( Khan et a l .  2002), 
AelLlropus lagopoides and Uroehondra setulosa (Gu izar and Khan 2002) .  Cacucc i et a l .  
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( 1 990) ind icated that fu i 0 c in counteracted the inhibitol) effect of decrea ing \\ ater 
p tential  in the medIUm of radi h eed by enhanc ing H+ extru Ion and ynthe i of mahc 
acid .  ru Icoccin wa ho\\n to affect eed germi nation by accelerating the normal proce 
of de\elopment and by replac ing l ight and phytohormone in breaking dormancy ( Lado et 
a ! .  1 975) .  
\ though plant of P Jliliflora have the abi l i ty to tolerate h igh sa l in i ty ( Mongia et  a I . ,  
1 998 ;  ingh et  al 1 998 ;  Mal iwal  1 999; Jo h i  and Hinglaj ia 2000), germ ination i greatly 
affected b) high a l in ity. Fe\ eed germ inated in 600 mM.  Treatment of the seed w ith 
l and thIourea part ia l ly al leviated the a l in i ty induced dormancy and increased the 
germ ination to 32 .5°'0 and 27 .5% re pect ive ly. Under natural habitat , eed germ inate in 
highly a l ine oil after effective ra infal l  winter or early pring in the AE, which reduce 
oi l  a l ini ty to level u itable for eed germ ination. For restoration of sal ine soi l ,  seeds of P. 
Juliflora could be treated with GA3 or thiourea, prior to scattering in the soi l ,  to increase 
their germination. 
P. jllliflora gro\\ in varying levels of soi l  a l in i ty ( EC) from 8 . 1 7  to 5 1 .07 d m· 1 in  
Gujarat India (Jo h i  and H inglaj ia 2000), in  45  d m' l in enegal (Velarde e t  a l .  2003), in  
52  d m'l in  Paki tan (Ahmad et  al . 1 99-l), and in up  to  38 .3  d m' l in Saudi Arabia (AI­
Ja loud 1 999). In the pre ent UAE study, P. juliflora tolerate soi l  sal in i ty up to 89 .2 d 1m 
in  the sal ty i te of Fuj i ra ,  but the plants defol iate their leaves most of the year, except after 
heavy rainfal ls  (Table XIV). P. juliflora was effective i n  reducing soil sal in i ty of the 
a l ine- odic o i l  i n  many places of the world.  The soi l  had become nonnal for agricul tural 
product ion to 45 cm depth after 7 years of growing some plants ( Mal iwal 1 999). ingh et 
a l .  ( 1 998) reported that P. juliflora grew " el l  on sod ic soi ls with pH as high as 1 0  and E P 
of 60 in the rooting zone. The amel iorati ng effects of the species on sodic soi l s  included an 
increa e in organic matter total n itrogen and exchangeable  Ca, Fe and Mn contents and a 
decrease in pH and exchangeable a (S ingh et a! . 1 998;  Mongia et a ! .  1 998) .  In the present 
study, P. juliflora plants had resulted i n  marked decrease in o i l  pH,  total sal in i ty and 
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dium content, and improved organIC carbon, , K  and P concentration of oi l  under the 
canople The oi l  pH, e lectrical conductivity, organic- and avai lable pho phoru of alt 
affected wa teland in the emiarid Arava l l i  h i l l  ( Haryana, India ) recorded a l  0 a 
igni ficant improvement in three depth (up to 45  cm)  and age after plantation \\ ith P. 
jllliJlora for 1 3 . 5  }ear ( Pa l  and harma 200 I ) . Meneze et a l .  (2002) found that the oi l 
nitrogen mineral ization wa greater under the cro\ ns of the potentia l ly  n i trogen fixing P 
}uliJlora. 
Re ult of Bhojvaid et a l .  ( 1 996) confirmed that ucce sfu l  plantation of P. }uliflora 
rna} re tore the productivity and fert i l ity of highly degraded odic soi l . A I  0, Tomar et al . 
( 1 998) found Prosopi juliflora a one of the mo t promi i ng pecie  for rec lamation of the 
waterlogged a l ine oi ls  i n  emiarid tropics. o i l  amelioration using P. }uliflora plantations 
not only effective, e pecial ly in  alt affected wastelands in a rid  and emiari d  regions, but 
al  0 a method for ecological revival in tenn of egetation enrichment, soil amelioration 
a \\'el l  as ocia l  benefits. Consequently, P. }lIliflora could  be used in rehab i l itation and 
reclamation of salt affected lands, l ike abkha in the UAE.  
The re  u l ts of thi tudy indicate that P. juliflora plant could tolerate h igh levels of 
a l in it) (up to 89.2 d 1m, Table X IV) .  However, some phenolic compounds, which are 
produced in the leave of P. }uliflora, could reduce the qual ity of the ameliorate soi ls .  
De p ite p lants of P. juliflora have the abi l ity to tolerate h igh sal in i ty the seeds are 
greatl}  affected b h igh sal inity at genn ination stage. Few seeds germinated in 600 mM 
aCI (Figure XII ) .  Treatment of the seeds with GA3 and thiourea partia l ly al leviated the 
salin i t), induced dormancy and increa ed the germination to 32 . 5% and 27 .5% respectivel 
(F igure XIV). For restoration of sal ine soi l ,  seeds of P. }uliflora could be treated wi th one 
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